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Now auatlatla . .. 
TWENTY-\EAR INDEX 


SEWAGE WORKS JOURNAL 
1928--1948 


AUTHORS « SIIBJECTS GEOGRAPHICAL 


Here is the key to the j:rcat reservoir of fundamental 
knowledge that is stored in the 115 numbers of the 
JOURNAL that record ihe era of greatest progress in 
water pollution contro!. Almost 9000 entries are 
compiled and arranged for finger-tip location with 
maximum convenience and economy of time. Covers 
completely the entire content of the first twenty vol- 
umes of the JOURNAL. Bound in buckram, 144 
pages. 


Price — $4.50 


Order your copy now from 


THE GAKRARD PRESS 
119 W. PARK AVE. 
CHAMPAIGN, ILLINOIS 
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SEWAGE AND INDUSTRIAL WASTES 
MAXIMUM REMOVAL 


CLEAN GRIT 


NO MECHANISMS 


Chicago 


AIR CONTROLLED VELOCITIES 


INDEPENDENT OF FLOW The ‘Chicago’ Aer-Degritter now provides the only 
method of removing grit and sand from sewage with- 
out movable mechanical equipment. Air introduced 

LOW COST through ‘Chicago’ Swing Diffusers and Precision Dif- 

fuser Tubes controls the velocity of the flow. All sand 


SIMPLE STRUCTURE of 0.2 mm. (65 mesh) and larger is washed and de- 


posited in a hopper at the bottom of the tank. 


Analysis of grit removed by this system shows less 
than 10% volatile matter and only a negligible trace 
of putrescible organics. Because coarse sewage ma- 
terial will not interfere with the operation of the 
Aer-Degritter and because it does not affect the hy- 
draulic design of the plant, Aer-Degritters may be 
installed ahead of all mechanical equipment. 


‘Chicago’ Aer-Degritters have been operating suc- 
cessfully at Oildale, California; Columbus, Ohio; 
Tomah, Wisconsin; and Bellaire, Texas. Additional 
Aer-Degritters are being installed in Sedalia, Mis- 
souri; Ann Arbor, Michigan; Jasper, Indiana; and 
Fort St. John, B. C., Canada. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


2300 WOLFRAM STREET 4 CHICAGO 18, ILLINOIS 
Plush Kleen. Scru-Peller. Plunger Swing Diffusers Stationary Diffusers, 


Horizontal and Vertical Non-Clogs Mechanical Aerators, Combination 
Water Seal Pumping Units. AeratorClarifiers. Comminutore 
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For safety’s sake choose Builders Visi- 
ble Flow Chlorinizer. No other chlorine 
| gas feeder offers better protection, 
ae quicker protection, more reliable pro- 
tection against the escape of chlorine 
gas. Night and day, the powerful 
spring-loaded chlorine control valve 
keeps chlorine gas flowing under com- 
plete and exact control... yet it’s ready 
at all times to shut off the flow auto- 
matically should any condition occur to 
interfere with safe operation of the 
Chlorinizer. This is another of the many 
worthwhile features you get only with 
Builders Chlorinizer. For engineering 
information and Bulletins, address 
Builders-Providence, Inc., 368 Harris 
Ave., Providence 1, R. I. 


BUILDERS PRODUCTS: The Venturi Meter * Pro- 
peloflo and Orifice Meters * Kennison Nozzles 
a “ Venturi Filter Controllers and Gauges * Conveyo- 
: flo Meters * Type M and Flo-Watch Instruments ® 
Wheeler Filter Bottoms © Master Controllers © 
Chlorinizers — Chlorine Gas Feeders * Filter-Oper- 
ting Tables * M ters * Ch flo Tel + 


> Installation af Simsbury, Conn. 


BUILDERS»« PROVIDENCE 
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or 


WITH 


CHAPMAN 


BEAMED WATERWAY 
GATE VALVES 


Markedly Superior under throttling conditions 
to double disc, parallel seated gate valves, 
is this valve designed by Chapman. The 

bronze vertical beams in the downstream port 

prevent the disc from tipping into the water- 
way. Bearing contact between disc and 
body facing is increased 6 to 10 times... 
wear is evenly distributed on seat rings... 
leakage reduced to a minimum. 


THIS BULLETIN 
TELLS THE COMPLETE 


STORY 


The CHAPMAN VALVE MANUFACTURING CO., Indian Orchard, Mass. 
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SEWAGE AND INDUSTRIAL WASTES 


The Coast Guard motto, “Always Ready,’’ 
tells the most important characteristic of R.D. 
Wood Gote Valves —they ore always ready, 
even after years of idieness. 


R. D. Woop GATE VALVES can 
be buried deep underground 
with full assurance that they 


will give long years of service 


with minimum maintenance 

The design is of calculated sim 

plicity. The usual small wedges 
and delicate parts are avoided 
entirely. There are no pockets 
to fill up with sediment and 
scale that might cause jamming, 
and the flow of water is unob 
structed at open position. 

For a dependable water sys 
tem, specify R. D. Wood Gate 
Valves 

Send for complete informa 
tion today 


BE EXTRA SAFE . . . OPERATE 
ALL VALVES AT LEAST ONCE A YEAR 


Only three moving parts—the spreader 
and two discs. In opening, the discs are 
lifted into the bonnet entirely clear of 
the seats. In closing, they are wedged 
into place without distortion. Seasoned 
castings. Rigidly inspected. For working 
pressure up to 175 Ibs. Tested to 300 Ibs 
Conforming to AWWA specifications. 
Supplied with bell, flanged or mechanical 


jOINt pipe connections 
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SEWAGE AND INDUSTRIAL WASTES 7 
Ideal for small communities, isolated institutions, 


outlying plants | YEOMANS 

SEWAGE TREATMENT 
| PLANTS 

—Activated Sludge Process 


or Biological Trickling Filter 
THE “PACKAGE” AERIFIER 


Many small communities and outlying institutions, com- 
pelled to purify wastes but lacking an ample supply of 
diluting water, have found in the Yeomans “Package” 
Aerifier an ideal answer to a critical problem. 


Compact, exceedingly efficient in purification, unique for low construction and operation costs, 
this activated sludge plant provides aeration and final sedimentation in a single concrete unit. 
Operation is as simple as possible, with supervision limited to routine check-up. Every installa- 
tion includes final adjustment, initial tested operation, thorough training of operators and con- 
tinuing counsel from Yeomans engineers. 


“WATER-WHEEL” DISTRIBUTOR 


pendability. Sewage flows into the rotating trough, and 
is spread evenly on the filter bed through V-notches and 
spreader plates. The trough is actuated by a water-wheel | 
and bevel gearing. Filter beds range from 5-foot to 25- _ 
foot diameters; and the entire area is effective for treat- 
ment. Continuous positive distribution is assured at all _ 
rates of flow—which does away with the need for dosing 
chambers and siphons. There is none of the clogging and cleaning of spray nozzles often re- 
quired with reaction distributors; and elimination of accessories saves as much as the entire 
cost of the complete Water-Wheel installation. Maintenance is extremely simple. Numerous 
Water-Wheel plants—small communities, hospitals, airports, industrial plants—-provide im- 
pressive proof of this unit’s extraordinary efficiency. 


Helpful engineering data on these Yeomans plants 
will be sent promptly upon request—no obligation. 


PUMPS BUILDINGS, MUNICIPALITIES, INDUSTRIAL 

Yeomans Brothers Company 
1411 N. Dayton St., Chicago 22, Minois 

Please send information as Name 
follows: 
[} Yeomans “‘Water-Wheel” Address . 

Distributor 

(] Yeomans “Package” | 

Aerifier | City... State 


of 

af 

fee. 

Operating in conjunction with a primary sedimentation 

tank, the Yeomans “‘Water-Wheel” Distributor applies ™ 

settled sewage to a trickling filter—with unfailing de- 
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REMEMBER 
THIS 
WRENCH 


...When Planning Big Sewers 


It means faster installation and lower 
costs — just two of the many advan- 
tages you gain by using Armco MuLTI- 
for large sewers. 

Individual pre-curved MuLTI-PLATE 
sections are quickly bolted together to 
form a sturdy full round pipe, arch or 
Pipe-Arcu. Only the simplest tools 


and equipment are needed, There is no 
costly forrawork, no curing delay. 
Other advantages include the 
designed strength of Murti-PLaTE to 
stand up under heavy loads, freedom 


from disjointing or malalignment, and 
durability for long service. 

W rite for complete data and ask too 
about these other Armco sewer struc- 
tures: Plain Galvanized Pipe for nor- 
mal use, Pavep-INvERT Pipe to check 
erosion, AsBEsTos-BoNpeEp Pipe for se- 
vere corrosive service, Pipe-ARCH for 
limited headroom. Armco Drainage & 
Metal Products, Inc., 4470 Curtis 
Street, Middletown, Ohio. Subsidiary 


of Armco Steel Cor- ( —— ) 
poration. pRMCO 


ARMCO SEWER PIPE \/ 
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FILTER 


A BETTER SYSTEM OF DIRECT RECIRO ULATION FOR SEWAGE PLANT OPERATION 


Direct Recirculation can be easily Included in any Treatment Plant! 


Biological oxidation is greatly accelerated by the Accelo Filter in the treatment 
of sewage and other organic wastes. This is accomplished by recirculatin: 
large quantities of the fresh unsettled trickling filter effluent directly back to 
the inlet of the filter distribution equipment. This method of operation elim- 
inates many of the nuisances common to the conventional trickling filter. The 
ACCELO FILTER System may be used to give increased capacity to overloaded 
conventional trickling filters as it makes higher dosing rates possible. Other 
advantages include: 1. Increased biological filter efficiency, 2. No increase in 
size of sedimentation tanks, 3. Smaller trickling filters, 4. No clogging, slough- 
ing or ponding, 5. No odors, 6. Reduction of psychoda fly nuisance. 


WRITE FOR complete information con- 

cerning the ACCELO FIL- 
TER SYSTEM. Ask for 12-page catalog No. 
6200 containing flow diagrams, charts, installa- 


tion diagrams, pictures, and interesting de- 


scriptions of its many superior advantages. 
WASTE TREATMENT SINCE 
1894 


NEW YORK 17* CHICAGO 16 


SALES FACES 18 six PRINCIPAL crve es 


WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 
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| STRAIGHTLINE BAR SCREENS 


—for removal of floating solids over 
%" in size, from incoming sewage 
or industrial liquids, thus assuring 
an even flow through the channel. 
Send for Folder No. 1587. 


ENGINEERED AND 


4 ~ 


HORIZONTAL SLOW MIXERS 


—for rectangular tanks where horizontal flow is desired. The degree 


TRITOR SCREENS 


—are used for the removal of screen- 
ifgs and grit af sinall sewage treat- 
ment plants. With the Tritor Screen, 
one mechanism accomplishes re- 
moval of both grit and screenings. 
Send for Book No. 1587, 


FROM ONE. RESPONSIBILITY. 


of mixing can be reduced as the water flows through the tank by de- 
creasing the number and changing the pitch of the paddles. Send for 
Folder No. 2042. 


STRAIGHTLINE CIRCULINE BIO-FILTRATION SYSTEMS 
‘ SLUDGE COLLECTORS SLUDGE COLLECTORS This system consists of high rate 
—for round settling tanks. Circutine shallow filters and recirculation of 

Straightline Collectors with peak eeltneioss are eeclaned with the effluent from the filter to the 


settling tanks. Features are: great 


‘Straightline’ action which assures flexibility, high rate of B.O.D. load- 
Art which can't be beat for quick and positive sludge removal ing and the ability of plants to 
efficient collection of sludge and from the entire tank floor in one handle strong domestic and indus- 
grease. Send for Book No. 1742 revolution. Send for Book No. 1982. . trial sewage in single-stage or two- 


stage treatment, as required. Send 
for Folder No. 1881. 
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THRU-CLEAN BAR SCREENS 


—a coarse bar rack and chain op- 
erated rakes equipped with fingers 
that clean through the rack from the 
back. The screen cannot be jammed 
by large objects since the rake will 
enter under and lift them. Send for 
Folder No. 2327. 


LIQUID VIBRATING SCREENS 


—an efficient and economical screen 
for the removal of solids from indus- 
trial liquids. Units are available in sev- 
eral sizes with coarse or fine screen 
medium. Send for Book No. 1977-A. 


L 


two, three or four. 


for Folder No. 2042. 


STRAIGHTLINE 
SCUM BREAKERS 


—aore used in either round or rec- 
tangular digestion tanks to break up 
the floating scum, paddle it down 
and submerge it. The scum breaker 
consists of two stands of chain with 
pitched flights between them, travel- 
ing at a slow speed. Send for in- 
formation. 


LONGITUDINAL SECTION 


VERTICAL SLOW MIXERS 


—for square tanks which can be constructed singly or in a series of 
These mixers will ‘provide efficient mixing and 
flocculation where vertical flow is desired. The mixers can be operated 
at a decreasing rate of speed to produce the maximum size floc. Send 


STRAIGHTLINE 
GRIT COLLECTORS 


—for the removal of a clean, washed 
grit with a low putrescible content, 
the collecting and thorough cleaning 
operation with Link-Belt grit washer 
makes further handling unnecessary. 
Send for Book No, 1942. 


FLASH MIXERS 


—for rapid and thorough mixing of 
chemicals with water, sewage or in- 
dustrial liquids. 
four-blade propeller operates with 
or without under water bearing. 
Send for Folder No. 2042. 


A large, efficient 


@ Link-Belt manufactures o complete line of equipment for Water, Sewage and Industrial Liquids poe 4 
Plents and hove applied this equipment effectively to the solution of such problems. 
have cooperated with consulting, municipol and sanitary engineers, and plant operators in planni 


Link-Belt engines 


operating plants, for positive results and highest efficiency. For informotion on any of the above pr % 


write your nearest Link-Belt office. 


LINK-BELT COMPANY 


Aibony 7 444 Broodwoy 
*Ationte... 1116 Murphy Ave., $.W. 
Boltimore 18 2315 St. Pout St. 


3. .2100 Second Ave., N. 

15... Brookline Ave. 
295 Moin St. 
«112 S. Tryon St. 
. .300 West Pershing Rood 
*Chicoge 9...301 West Pershing Rood 
Chicogo B........ 2410 W. 18th St. 
Cincinnati 2........ 138 Court St. 

1 


1626 Weree 
“Detroit 4....... 5938 Linsdole Ave 
301 W. First St. 
Grond Rapids 2. .48 Division Ave., 
“Houston 3203 S. Weyside 


Huntington 9, W. Vo 

Fifth Ave. 
tndienepolis Holmes Ave 
is 6. .220 Belmont Ave 
€. Forsyth 
City 8, Mo... 2630 Holmes St 


Angeles 33 ale one 
361.369 Anderson St. 
Louisville 2 136 South 4th St. 
Milwoukoe 3...... 808 N. Third St. 
*Minneopolis 5... 200 Lyndole Ave., N. 
Moline, .. 1608 Fifth Ave. 
Nework 2, N. J.......31 Clinton St. 
*New Orieons 12 + J. Tricon Co 
.747 Tchoupitevies St. 
Now York 7. 3100 Weelworth Bids. 
New York 7 (Export 
2680 Weelworth 
*Ockiond 7, Calif. .1025 Merrison 
*Philedelphia 40 . 
2043 Hunting Pork Ave 
Philedeiphie 40 (Dist. Soles Office) 
5 Weert Hunting Pork Ave. 
Phitedelphie Foundry) 
. Ave. 
Pittsburgh Contre Ave. 
*Portiond 9, Ore., 1637 N.W. 14th Ave. 
*Solt Loke City + Industrio! Supply 
ine 121.135 Moter Ave. 
*Sen Froncisce 24 400 Pov! Ave 


St. howls 317 North 
*Seortie 4 3405 Sixth Ave. South 
*Spokone 13 


Nerth 1303 Weshing’on 
Washington be c 


Witkes- 
Del 


Wilmington 43, 805 Orenge 
tn Conede Link Belt Limited 
*Terente 73) Eastern Ave 
945 Beoumont Ave 
"Vancouver $50 Beatty 
*Swostiko, Ont Boisvert 
Hom 4) King Willlem & 
Elmira, Ont. (Foundry) 

*Winnipes * thomterd, 

Limi “re Welt 


Shovel Cranes + Link Belt Soeeder Corp 


And through Officio! Distributors ond Representatives throughout the World 


*Alse Factory Bronch Stores 


4 
gees 
COORDINATED FOR MOST EFFICIENT PERFORMANCE... 
PADOLE PADDLE. Ne2 PADDLE NOS PADDLE NOS 
+d 
| 
ONE HIGH STANDARD OF QUALITY... 
| 
4 "Denver 2 + Schioss & Shubort 
4 Helifex + Austen Gros. tid 
; 
| 


SEWAGE AND INDUSTRIAL WASTES 


Quick turning is an outstanding advantage of OLC.f- 
design. No wedging in its seat. The ¢ ion-machined 
Cylindrical Plug, pressure lubricated on all seating 
surfaces is always free to turn. It could be critically 
important in your plant. Reason enough to give 
QLC.f. Lubricated Plug Valves preference. 


a, 
¢ Ask for catalog 4-SI. American Car and 
Foundry Company,4 Valve Division, 1501 


cites @ R ic a* Ferry Ave., East, Detroit, Michigan 
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SEWAGE AND INDUSTRIAL WASTES 


For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


BAILEY METER COMPANY 


1066 IVANHOE ROAD «+ CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES + DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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AND INDUSTRIAL WASTES 


Where corrosive conditions 


are toughest apply 


Bitumastic Enamels! 


1E integral metal parts of a sewage dis- 

posal plant, as well as the steel pipe lines 
leading into it, are exposed to extremely severe 
corrosive conditions. 

The clarifier pictured here is subjected to 
the highly corrosive action of sewage . . . the 
chemical content of industrial waste .. . the 
harmful effect of sewage gases and acids. Yet 
this clarifier, and all others in the same sewage 
plant, are fully protected against corrosion 
and deterioration by Koppers Bitumastic® 
70-B Enamel. 


KOPPERS 


Koppers Bitumastic Enamels keep water 
from reaching underlying metal surfaces; they 
provide protection against the corrosive action 
of chemicals; they do not deteriorate with age. 


And, by providing long-lasting protection, 
they eliminate periodic inspections. 

Submit your corrosion problems for recom- 
mendations and quotations. If desired, our 
Contract Department will handle the job from 
inception to completion, furnishing special 
equipment, competent supervision and skilled 
workmen for the application work. 


BITUMASTIC ewamets 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 11431, Pittsburgh 19, Pa. 
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GAS EQUIPMENT 
SPECIFICATIONS 
PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 


. FLAME TRAP ASSEMBLY 


“VAREC” Fig. No. 450 


FLAME CHECK 


“VAREC” Fig. No. 52A 


. EXPLOSION RELIEF VALVES 


“VAREC” Fig. No. 70-1 


WASTE GAS BURNER 
“VAREC” Fig. No. 236 


. DRIP TRAPS 


“VAREC” Fig. No. 245 
(automatic ) 

“VAREC” Fig. No. 248 
(hand operated) 

MANOMETERS 

“VAREC” Fig. No. 216A 


PROVED ons 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipment incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum product storage. 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 


COMPTON, CALIFORNIA, U. S. A. 
Cable Address: VAREC COMPTON USA (All Codest 


Now Boston Pittsburgh Chie * Detroit * $+. Heusion 
Tulse * Cosper, Wyo. * Prove, ach © Angeles 


Available from horized Sewage Equi 
agents throughout United States and Cenede 
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SEWAGE AND INDUSTRIAL 


ASSURED LONG LIFE 
cLow for a century 


BELL END 


Also comes with Flanged 
End. Improved Sludge 
Shoes are extra strong 
have maximum sludge 
opening, and che flare reduces en- 
trance losses to a minimum 


CLOW PRESSURE RELIEF VALVES - 
Bronzed mounted for smooth op 
eration. Made with grated bottom 
to allow water only co enter tank 
Can be made to any length desired 
CLOW SPECIAL CAST IRON PIPE AND 
FITTINGS 


James B. Clow & Sons make a great many 
special cast iron fittings of irregular shapes in 
sizes up to 54”, conforming to engineering 
details submitted by the purchaser and to meet 
the unusual requirements of pipe line speci- 
fications often presented in such types of con- 
struction as Filtration and Sewage Disposal 
Plants. Clow also manufactures Cast Iron Pipe 
in steel pipe sizes 3 through 10 inches (1.P.S 
pipe) which has the same outside diameter 
as common steel pipe. I.P.S. pipe can be cur, 
threaded, and fabricated on the job with or- 
dinary tools of the piping trade. Write for 
the Clow Catalog “Pipe Economy” which 
fully illustrates our line of Cast Iron Pipe, 
Fittings, Specials and Valves for use in sew 

age treatment plant construction. Ask 
Clow for price and delivery 

on your immediate needs 


JAMES B. CLOW & SONS 


201-299 North Talman Avenue 


SLUDGE SHOE— or more 


WASTES 


for replacements or new installations 


CLOW FLANGED END FLAP 
VALVE — Also comes with Bell 
or Spigot End. Flap valves are 
bronze mounted, are superior 
in meeting most field condi- 
tions, may be easily dismounted 
for repairs if found necessary 
at any time 


CLOW FLANGE AND 
FLARE ELBOW— 
Are regularly furnished with 
flange faced and drilled to 
A.S.A. Class 125 Standard tem- 
plate. Bell and flare elbows can 
also be furnished. 


All types of Clow Cast Iron Pipe 

Fittings are offered in straight and 

reducing sizes for use with Bell 

and Spigot Joint, Mechanical Joint 

and Flanged Joint Cast Iron Pipe 
in sizes up to 24”. 


Illustrations belou 
are Typical Fittings 


OW BELL & BELL ONE EIGHTH BEND 


BOW FLANGED ELBOW 


Chicago 80, Illinois 


and their National Cast lron Pipe Division, 
Birmingham, Alaboma; 

subsidiaries Eddy Valve Co., Waterford, N.Y; 
lowe Valve Co., Oskaloosa, lowe. 
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SEWAGE AND INDUSTRIAL WASTES 


MANUFACTURERS OF 
PEKRUL GATES FOR: 


Flood Control 
Levees 


Pekrul Model 56 Sluice Gate: 

108” x 108” Back Pressure 

Flanged Type 


Irrigation 
Water Works 
Dams 


Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 


Cooling Towers 


OS. MACHINERY 
DENVER, COLORADO 


Catalog GF 
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Another advance 
in Industrial 


AUTOMATIC 
CONTROL 
for 


SOLIDS 


Proportioning of Treating Chemicals 


Feeding of treating chemicals at rates 
proportionate to flow can now be done 
automatically with total elimination of 
time-consuming, periodic adjustment of 
feeders and pumps. In addition, the pro- 
portioning of chemicals is far more ac- 
curate, which means a more uniform, 
satisfactory effluent and a definite saving 
in cost of chemicals. 

The instrument control system is prop- 
erly engineered for individual plant con- 
ditions. Its design depends upon the 
quantity, corrosive quality, and viscosity 
of the activated silica, carbon dioxide, 
soda ash, lime, or other chemicals em- 
ployed . . . also upon the amount of 
chemicals to be stored and the type of 
plant operation 


Virtually any set of conditions can be met 


with one or another of the following in- 
strument control methods offered by 
Foxboro: 

1. ratio flow control with pneumatic control 
valves for liquid chemicals or gases. 

2. control of motor operation on dry feeders 
or on proportioning pumps by “pulse-time” 
control 

3. motor speed control on dry feeders or 
proportioning pumps through electronic con- 
trol of power input. 

One of these methods may bring sub- 
stantial new economies to the operation 
of your waste disposal system. For en- 
gineering briefs on industrial waste sur- 
veys, chemical control systems, and dis- 
posal methods, write The Foxboro Com- 
pany, 162 Neponset Ave., Foxboro, Mass., 
U.S.A. 
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at lower cost... municipalities and 
industries specify Conkey Sludge Filters 


What's your sludge dewatering 


problem—primary directly 
handled or digested or digested 
and elutriated, activated with the 
same handling, chemical treatment 
or special process, or is it a trade 
waste? No matter what its specific 
nature, Conkey Sludge Filters are 
engineered, built and installed to do 
the job better, more economically. 

Rapid, continuous, automaticsew- 
age sludge dewatering is the aim of 
all progressive sanitary engineers. 
Conkey filters with their superior 
drainage design, their innproved me- 
chanical construction, and their 
advance selection of materials of fab- 
rication fulfill these aims in the most 
perfect manner. 

The Sanitary District of Chicago, 
and the sewage engineers of many 
other cities have selected Conkey 
Sludge Filters for their new plants. 
Your engineering files should con- 
tain a copy of our Bulletin No. 100 
that gives more complete informa- 
tion. Write for it now. 


Other General 
American Equipment: 
Turbo-Mixers, Evaporators, 


Process Equipment Division 
GENERAL AMERICAN 


Transportation Corporation 
Sales: 10 East 19th St., New York 17, N. Y. 
General Offices: 135 S. LaSalle St., Chicago 90, I. 


Thickeners, Dewaterers, Dryers, 
Towers, Tanks, Bins, Pressure Vessels 


Offices in all principal cities 
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96; 


ARE 
STILL IN SERVICE 


We are stating a fact and you don’t have to take our 
word for it. We refer you to one of the most im- 
portant fact-finding jobs ever undertaken by the 
water works industry—the recently completed sur- 
vey of the service life of water works facilities. This 
survey was sponsored by three water works associa- 


tions. 


The survey shows that 96% of all the cast iron 
water mains ever laid by 25 representative cities in 


sizes 6-inch and larger are still in service. 


A detailed report of the survey has recently been 
published by the American Water Works Association. 
We have reprinted, by permission, the facts pertain- 
ing to cast iron water mains in a brochure which 
will be sent on request. Write to Cast Lron Pipe Re- 
search Association, Thomas F. Wolfe, Engineer, 122 


CAST IRON PIPE 


pole 
4 

: 

— 

| 

a South Michigan Ave., Chicago 3, Ill. 

: 


SEWAGE AND INDUSTRIAL WASTES 


Journal of the Federation of Sewage and Industrial Wastes Associations 


Volume 22 


NOVEMBER, 1950 Number 11 


. Contents 
Sewage Works 


Sewage Disposal Program for Cincinnati and Vicinity. By FranK C, Touues, A. B. 


BACKHERMS, AND H. H. KRANZ 1387 
Pollution of Irrigation Waters. By C. T. WRIGHT ............ccscccesscesees 1403 
Sludge Elutriation at the Richmond-Sunset Plant, San Francisco, Calif. By KEENo 


Literature Review on the Occurrence and Survival of Enteric, Pathogenic, and Re 
lated Organisms in Soil, Water, Sewage, and Sludges, and on Vegetation. IT 
Animal Parasites. By Wittem Rvupo_rs, Luoyp L. FALK, AND Ropert A. 


Use of Final a Tanks with Standard-Rate Trice ‘aie Filters. By Joun R. 


Industrial Wastes 


Critical Review of Literature on the Toxicity of Industrial Wastes and Their 
Components to Fish. I. Alkalies, Acids, and Inorganic Gases. By PeErer 


Stream Pollution 


Stream Quality Objectives. By M. LeBosquet, Jk. ............ 
Mobile Laboratory Survey of the Miami River. By Bruce M. Mc — faaewtes bee 1464 
Operation of a Field Laboratory Unit in Water Pollution Surveys. By WALLACE 


The Operator’s Corner 


Operation and Maintenance Priorities ............. er , .. 1482 
Operating a Dilapidated System. By S. W. HAZLIP 1483 
Recirculation of Final Effluent in a Small Activated sees Plant. By Leonarp j 
Interesting Extracts from Operation Reports: New Britain, — ; Aurora, Ill. ... 1489 
Nuclear Fission Operations and the Waste Treatment Plant Opemter. By GEORGE 
Maintenance and Inspection of Equipment. By W. H. H. Putnam ....... os) BF 


Tips and Quips ............ 


Proceedings of Member Associations 


Arkansas Water and Sewage Conference ........... 1503 
New York Sewage and Industrial Wastes Association . 4 1503 
Alabama Water and Sewage Association ...... ... 1504 


Member Association Meetings ......... 


W. H. Wisety, Editor, 325 Illinois Building, Champaign, Illinois 
Hersert P, ORLAND, Assistant Editor Dr. F. W. Montman, Advisory Editor 
KATHLEEN E. Fox, Editorial Assistant 


Copyright, 1950, by the Federation of Sewage and Industrial Wastes Associations. Reprints from this publica- 
tion may be made only if permission of the Editor is secured and on condition that the full title of the article, 
name of the author and complete reference are given. The Federation assumes no responsibility for opinions or 
statements of facts expressed in papers or discussions published in this Journal 


| 
2 
: 

| 

pe, 

|... 
F 
1432 
| 
Ba 
fe 
ifs 
: 

: 
: 


22 SEWAGE AND INDUSTRIAL WASTES 


AERATOR-CLARIFIER 
f DORRCO AERATOR-CLARIFIER 
The new Dorrco Aerator-Clarifier is a ADVANTAGES os compored with 
seperate preceration and sedimento- 
compact, low-cost unit combining the func- tien tonks. 3 
1. Compedt ... single tank soves ground 
tions of preaeration, flocculation and sedimen spoce 
2. Me solids Interference in ceration 
falion in a single tank It is applicable wher eg chamber . . . grit ond heavier solids 
ba | settle quickly, avoiding interference 
ever it is advantageous to increase suspended ~ en with foceviont material 
Me breakup of Mex structure... low 
solids and B.O.D. removals —where odor con- transfer velocities from Aerator to 
j Clorifier section eliminates breokup 
trol or elimination is necessary—or where of Rocevlated material 
‘ Minimum of short circuiting . spiral- 
flocculation with or without chemicals, is flow ceration effect in Aeruter mini. 
mixes short circuiting 
beneficial. It fits equally well into primary 5. Simple maintenance ceration 
tubes are removoble for cleaning or 
or secondary treatment flowsheets . . . with 
. operation of the unit 
ile vee i +. Low cost single tank ond simple 
notable advantages in both design cut installed cost 
Highlights of Aerator-Clarifier superiority are i 
listed at the right, but it will pay you to 
check the complete story of the design and es 
operating characteristics \ Dorr engineer 
will gladly tell you more without obli 
gation 


THE DORR COMPANY, ENGINEERS 
BARRY PLACE, STAMPORD, CONN. 
NEW YORE © ATLANTA © TORONTO 
CHICAGO * DENVER © LOS ANGELES 
RESEARCH AND TESTING LASORATORIOS 
WESTPORT, CONN. 
SUGAR PR 
PETREE & DORR DIVISION, STAMFORD, CONN. 
A AND 
Dorr Technical Services ond Equipment Are Alse f 
Avoloble Trrovgh Aseocioted Compones 
reventotives in the Principe! Cities of the World. 
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Sewage Works 


Development of the Cincinnati sew- 
age works project has involved a num- 
ber of diverse though interrelated 
activities. These include: 


1. Bringing the electorate to appre- 
ciation of the need for bond is- 
sues for intercepting sewers and 
for studies and investigations. 

2. Preparation of general plans for 
the whole city and of detailed 
plans for the Little Miami 
project. 

3. Enactment of basic charges for 
sewage service and development 
of a financing program, which af- 
fected city and suburbs, with a 
continued campaign of education, 
which eventuated in joint support 
of measures for the treatment of 
sewage. 

4. Adaptation of city plans to meet 
the objectives of the Ohio River 
Valley Water Sanitation Commis- 
sion. 

5. Extension of earlier surveys of 
industrial wastes into the writing 
of ordinance for regulation and 

- for establishing surcharges on 

wastes of excess strengths. 


These five steps represent continued 
and progressive attack upon the prob- 
lem during a long period, but, also, 
they signalize the varieties of effort 
characterizing a problem such as has 


* Presented at 24th Annual Meeting, Ohio 
Sewage and Industrial Wastes Conference; 
Cincinnati, Ohio; June 28-30, 1950. 


SEWAGE DISPOSAL PROGRAM FOR CINCINNATI 
AND VICINITY * 


I. GENERAL PLAN AND FEATURES OF LITTLE MIAMI PLANT 


By Frank C. 


Partner, Havens and Emerson, Consulting Engineers, Cleveland, Ohio 
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faced the city. The speaker is the 
freer to bring out these points in that 
they mark the interest and activity of 
city officials themselves in promoting 
a project that involved complexities 
of human and civic relationships. 


General Plan 


The plan itself is based on the situa- 
tion of a metropolitan area with 20 mi. 
of river front, and extending inland to 
a maximum depth of about 14 mi. 
This area comprises the city itself and 
21 other municipalities, together with 
county area, all aggregating 214 sq. 
mi., and all draining to the Ohio River 
through some 60 city-owned sewers. 

Topographically, this area divides 
into four main drainage areas (see 
Figure 1). That of Mill Creek, which 
includes the central city, is the largest, 
the most populous, and contributes the 
greatest volume of industrial wastes. 
To the east is the watershed of the 
Little Miami River, largely residential, 
but with outlet which is not too far 
from water intakes. To the west are 


two smaller areas—Rapid Run and 
Muddy Creek—yet largely undevel- 
oped. A better understanding of these 


areas comes from estimates of popula- 
tion and average sewage flow for the 
year 1960, thus: 


Popula- 
Area tion 


Mill Creek (central) 
Little Miami (upstream) 
Lower River (downstream) 


Sewage 
(m.g.d. 


561,000 106 
132,000 23 
36,000 4 
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area, co ipl d with studies of available 


The topographical division of 


sites and of problems of interception 
led to the designation of four sites for 
Fig 


location of treatment works (see 


ure 2 These are 
1. A Mill Creek plant, located in the 


alley bottom just north of the Bar 


rier Dam, for main works 


smatier we 


9 rks for Duck Creek or 
Little Miami area, located on | 
Avenue Lunken Airport 


3. For the Lower River, two plants 


neat 


one to serve the 


and the 


are contemplated 
Muddy Creek 
the Rapid Run district 


district, 


At each of the 


has acquired land 


first two points the city 
ient for the 
possibl en 


suffi 
later 


necessary 


struction, and 


largement, of treatment fa 
cilities 


Intercept on af Sewade 


Inasmuch as the sewers of the metro- 
politan area discharge into the Ohio 
into its Mill Creek and Duck 
the 
involved 
problems of collection In the Mill 
Creek and in the Duck Creek-Little Mi 
ami valleys, intereeptors were planned 
and built during the period proximate 
to 1914 and were later extended, chiefly 
atter of local improvement. As 
is a Mill Creek intereep 


River or 


Creek tributaries, treatment of 


wastes at central points has 


as am 
a result, there 


tor with outlet 39 


capacity of 132 m.g.d 
Creek interceptor 
mw. The first of 


il] normal sewage 


and a Wit! 
a capacity of So 
these is adequate for 


Ter overflow revula 
1) ovided to 


flows but sto 
+ } 


ors wilt have i) 


xtend 
existing intercep 


tor Ultimately, it may require en 
in order properly to protect 
Mill Creek from ob 
overflow 


That depend 


on the plan for char 


the channel of 


nelizing Mill Creek, which is another 


project tl city has in mind In 
dentally, the 


placing and enlarging the 


ty now has plans for re 


lower por 


INDI 
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tion of the Mill Creek interceptor to 
serve as the outlet for the Mill Creek 
plant 

Interception from the combined 
sewer outlets into the Ohio River, and 
Mill 
rroblem. It 


I 
some & mi. of interceptor 


delivery of the sewage to the 
Creek 

will 
and at least three pumping 
that of 
lector sewers low enough to intercept 
to avoid 
river 
these 
, and is further nar- 
rowed by the possibility that the Cin- 


works, is quite a 
requirt 
stations. 
locating eol- 


The difficulty is 


the wastes, yet high enough 


undue effeets from changes of 


stage. The margin between 
limits is not great 


+ 


cinnati pool may be raised to serve 
navigation 
Another factor helping to compli- 
ate matters is the much discussed de- 
velopment of the river front 
The interception for Ohio River col- 
planned for an 
io of 3 to 1 


the 


average 
that is, 
average 
but also with intent to vary this 
the 
individual 


lectors 1S 
capacity-low ra 
capacity for three times 
flow 
ratio with the concentration of 


wastes 


contributed by ar 


trunk sewer 


Dearce of Treatment 


interesting to follow progress- 


treatment of 


ing concerning 
Cincinnati sewage, not so much as 
bearing upon the degree of treatment 


ing the equipment and 
available for 


results 


as in portray 
levices that have become 
obtaining treatment 


Early consideration of the subject 
is recorded in the elassie 1913 report 
Morse as engineer-in 


late Harrison P Eddy, 


onsultant to the city In that report, 
treatment of the sewage was envisaged 
is providing partial treatment and dis 
infection for Mill Creek wastes and 
secondary treatment, also with disin 


fection, at the Dh 


Little 
Miami site Imhoff 


tanks, sludge dry- 


k Creek or 


ing beds, and trickling filters consti- 

tuted features of the plants, aecord 

ing to this preliminary plan.  Disin- 
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fection was in terms of chloride of 
lime. This, as stated, was in 1913. 

During years following, pollution of 
the Ohio River received considerable 
attention from various agencies. <Ac- 
tion in this direction started in 1924 
and culminated as the Ohio River Sani- 
tation Compact of 1940, which, in 1948, 
was made effective by all the signatory 
states. Essentially, this compact pro- 
vides for minimum treatment of wastes 
signified by 45 per cent removal of 
suspended solids. Later, however, and 
as a result of public hearing, the Ohio 
River Valley Water Sanitation Com- 
mission used its authority to establish 
a heightened standard for the Cincin- 
nati pool, expressed as 65 per cent re- 
duction of B.O.D., but qualified to per- 
mit of lessened treatment under favor- 
ing conditions in the river. 

With this standard fixed, it became 
a city obligation to devise works that 
would accomplish the desired results. 
Briefly stated, current plans for the 
treatment of sewage contemplate par- 
tial treatment, coupled with pre-floe- 
culation with or without addition of 
chemical, and supplemented by disin- 
fection. Important in this, however, is 
the reserve of area for extending the 
treatment to the degree of ‘‘complete,’’ 
and again by requirement of the Sani- 
tation Commission applied through the 
Ohio Department of Health. 


General Plan Summary 


Summarizing the general plan, the 
City of Cincinnati has set up an over- 
all project of collecting and treating 
wastes from the metropolitan area at 
four sites. Land has been aequired 
for the two important works of the 
project, the intercepting sewer to serve 
the Little Miami works has been built, 
and the plant itself is the subject of 
equipment contracts already let and of 
a general contract, for which plans are 
about ready to be put out for bids. 
Particular works representing city 
thought in treating the sewage are con- 
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sidered in the following description of 
the Little Miami project. 


Little Miami Project 


For an understanding of the design 
of the Little Miami works, there should 
be appreciation of three conditions af- 
fecting design. First, there is the 
standard of the Ohio Valley Commis- 
sion. Second, there is the fact that 
Little Miami sewage is relatively small 
in quantity and pollution effect, and 
fairly ample river dilution is usually 
available, although at times, quite low 
river flows are encountered. Finally, 
there are three water intakes (Cincin- 
nati, Covington, and Newport) located 
near the Kentucky shore close to the 
mouth of the Little Miami River and, 
possibly, affected by that river under 
certain rare conditions of river and 
wind. The outfall for the Little Miami 
plant is about 2 mi. downstream from 
the mouth of the Little Miami River. 

In order to meet the possible vari- 
able effects of these conditions, the 
Little Miami plant offers flexibility in 
that flocculation before settling is op- 
tional, as are addition of chemicals to 
aid in coagulation and also disinfee- 
tion of the final effluent. Through 
selective operation of these several 
processes, it is expected that treatment 
effects can be adjusted to variations in 
river conditions. 

More specifically, the works (Figure 


3) provided consist of : 


1. Pumping station equipped with 
bar racks. 

2. Grit detritors. 

3. Chemical building, which houses 
comminutors, chemical storage, chemi- 
eal feed chlorinators, and 
blowers. 

4. An aerated channel to the settling 
tanks. 

5. Combined 


dey ices, 


floceulation-settling 


tanks, wherein flocculation is provided 
by paddle wheels, and sludge removal 
by rectilinear chain-driven scrapers. 

6. Sludge digestion tanks with ad- 
joining building, which contains sludge 
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FIGURE 3.—Model of projected Little Miami sewage treatment plant, showing: 


1. Pump building. 

2. Grit chambers. 

3. Chemical building. 

4. Flocculation and settling tanks. 
5. Sludge heating and gas building. 


preheaters and gas equipment, the 
latter connected to gas storage 

7. Sludge elutriation tanks 

8. Vacuum filters with sludge con 
ditioning equipment 

% Sludge incinerators 


10. Administration building 


The plant adjoins the former water 
works railroad, which will be used for 
the delive ry of chemicals to the adjoin 
ing chemical building. The plant site 
is diked for defense against a 70-ft 
river stage, and critical structures ars 
anchored against floating. The oper 
ating elevations of the plant and tribu 


tary sewers are such that at a 20-ft 


river stage, one contributing sewer 
will go out of action; at a stage of 37 


o 42 ft. three additional sewers will 


be eut off. The plant will continue 


6. Sludge digestion tanks. 
7. Gas holder. 

8. Elutriation tanks. 

9. Sludge disposal building. 
10. Administration building. 


primary treatment up to a 46-ft. stage. 
At 70 ft. the dikes will be overtopped 
and the plant submerged. To meet 
this, provision has been made for un- 
shipping pump motors for removal to 
the roof of the pump building, where 
the electrical transformers also are 
located 


De sign Fa tors 


The several structures of this plant 
neorporate factors of design as fol 
lows 


Plant capacity: 28.8 m.g.d. average 
for the year 1980) and in which 

{0 per cent of the solids load will 
reach the plant during 8 hr.; max- 
imum storm flow will be 86.3 
Detritors: Two units, one being used 
for average flow, with a detention 
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of 1.2 min. and a velocity of 0.55 
ft. per see. 

Comminutors: Three units capable 
together of passing the maximum 
flow. 

Chemical feed machines: In dupli- 
cate, each feeding alum at the rate 
of 1,000 lb. per hr., or 3 grains 
per gal. at twice the average flow. 

Chlorination equipment: Three ma- 
chines, each of 2,000- or 4,000-lb. 
capacity, depending on the orifice 
size. This signifies that, with one 
machine as standby, dosage would 
be up to 10 or 20 p.p.m. for 150 
per cent of the average flow. 

Blowers: Two of rotary type, each at 
600 ¢.f.m., thus permitting one 
unit to supply air at 0.02 cu. ft. 
per gal. to 150 per cent of the 
average design flow. 

Flocculator-settling tanks: Four 
units, each 185 ft. long, 41.5 ft. 
wide, and with water depth of 12 
ft. in the settling end and 14.75 ft. 
in the flocculating portion. The 
two functions of flocculation and 
settling provide, for 1980 average 
flow, 55-min. flocculation and 90- 
min. settling. Floeculation is fur- 
nished by four variable-speed pad- 
dle wheels. Collection of the 
sludge is effected by straight line 
collectors in two parts to serve 
both floceulating and settling 
areas. Thus, with paddle wheels 
immobilized, the whole of the tank 
can be used for settling with a de- 
tention of 145 min. A sludge 
pump installation adjoins the set- 
tling tanks. 

Sludge digestion tanks: Capacity of 
357,000 eu. ft. in four 65-ft. di- 
ameter tanks with floating covers. 
For the ultimate 1980 flow, these 
tanks will provide 31-day storage 
for a 50 per cent removal of sus- 
pended solids, or 24-day storage 
when the removal is 70 per cent. 
Sludge will be preheated by gas- 
fired heat exchangers. A_ gas 


holder will have a capacity of 49,- 
000 eu. ft. at 30-lb. pressure. 

Sludge disposal: Designed for 24-hr. 
operation five days per week. It 
includes: elutriation, consisting of 
3.4 hr. counterflow wash and set- 
tling; sludge dewatering on four 
filters which, for 1980 conditions, 
will enable dewatering at a 4-lb. 
rate with one filter as standby; 
sludge incineration in two fur- 
naces of such capacity that, by 
working a 7-day week, one fur- 
nace could incinerate the 1980 
solids representing 55 per cent re- 
movals. 

Other features: Plant water for 
chlorination and elutriation will 
be obtained from two wells. End 
products (ash and grit )will be 
transported in trucks to fill. The 
plant effluent will be discharged to 
the Ohio River through a_ sub- 
merged outfall. 

Program 

As has been stated, contracts of the 
Little Miami project have been let for 
sludge filters and sludge incinerators 
in the aggregate amount of $209,097. 
Contract drawings for the balance of 
the plant have been completed. What 
expenditure they will involve is yet 
unknown, but it will be substantial. 

Other projects in connection with 

the Little Miami sewage works are 
scheduled to follow in order and to be 
timed with construction of the plant; 
namely, Delta Avenue pumping sta- 
tion, Mt. Washington branch intercep- 
tor and pumping station, Robb Street 
connection, and the Little Miami inter- 
ceptor connection at Duck Creek. 

For the Mill Creek area, the first 

project contemplated is the Mill Creek 
outfall sewer, to be followed by proj- 
ects for the plant. It is the intent of 
the city to prosecute design and con- 
struction work in a continuing se- 
quence. From past performance, the 
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city can be relied upon to keep abreast 
of the development of treat- 
ment in the Ohio Valley. 


sewage 
Because of necessary brevity, this 
presentation of the Cincinnati plan 

In particular, it fails to 
really impressive and de- 
tailed series of sewer gagings, sewage 


field in 


omits much 


record the 


analyses, industrial surveys, 
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vestigations, borings, and the like, 
which have characterized performance 
by the city. In part, these reflected 
various inherent difficulties, but, still 
more, it marks technical and adminis- 
trative staff appreciation of the ad- 
vantages of proper attack—apprecia- 
tion that is rare, even though it does 
pay off. 


II. METHOD OF FINANCING 


By A 


Principal Engineer, 


B. BACKHERMS 


Sewers and Sewade Disposal Section, Engineering Division, 


Cincinnati, Ohio 


One must have plenty of patience, 
endurance, and fortitude to persist- 
ently promote a project, to carry on a 
campaign of education, and to sell the 
idea of 
with 


projec 


the advantages of cooperation 
communities, A 
merit 


neighboring 
and be a ne 
how to finance 
is always the main 


may have 


vessity; nevertheless, 
the in 


deterrent. 


provement 


Sewage treatment for Cincinnati had 
been discussed as early as 1912, but it 
hurdle the 
Finally, in June, 
Council authorized the city 


required years to eon 


versational barrier 
1938, the 
manager to make a survey and study 
for a sewage disposal system for the 
city of Cincinnati 

Another 10 years had elapsed before 
ild be seen on finane 
e latter occurred in May, 1948, 
Coun 


a Tray ol hope 
ing. 
when the ‘il passed an ordinance 


authorizing a sewer service charge 


construction, 


to proy cle I inds for the 


mperation and nainte 


ageme) 
nance of the sewage disposal system 
Program of Metropolitan Character 


The topography of the area is such 


that the sewage from 21 neighboring 
incorpe rated 


municipalities and much 
area is discharged into 
and through the network of city sew 


1OnS, this dispos 7 


service until reeently has been enjoyed 


by the outside political subdivisions 
without cost to their constituents. 
The problem of sewage treatment in 
this local area, therefore, is of metro- 
politan character; as a matter of. eq- 
uity, all of the beneficiaries should bear 
a proportionate share of the cost of 
the sewage disposal program. Gener- 
ally speaking, there has never been any 
real vocal opposition to a program of 
sewage treatment. It was a question 
of: (1) Who is to sponsor the pro- 
gram? 2) Who How 
much? and (4 
The creation of a conservancy dis- 
trict was suggested as a logical proce- 
dure in initiating the program. How 
ever, the City Council frowned upon 
the idea of creating any new governing 
body and, instead, invited the bene- 
ficiaries to participate with the city. 
This closed the book on the sponsor of 


pays! (3 ) 
How soon ? 


the program, 

In Cincinnati, public recognition 
and support was evidenced by the pas- 
sage of an initial $1,000,000 referen- 
dum 1938, 
which encouraged the City Couneil to 
vo ahead 


bond issue in November, 


Methods of Financing 
Many methods of financing the proj- 
ects were considered ; namely: 


1. The use of obligation 
bonds voted by the people, or author- 


general 
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ized by Council, or a combination of 
both, to meet construction costs, and 
an appropriation from general funds 
for maintenance and operation. This 
was the most prevalent method in use 
when the study was made in 1938. 

2. The general obligation 
bonds as above, and a special tax levy 
for maintenance and operation. 

3. The use of general obligation 
bonds as above, and a sewer rental for 
maintenance and operation, This 
method was in vogue in many munici- 
palities at the time and was becoming 
more popular. 


use of 


4. Placing the sewage disposal sys- 
tem on a utility basis, issuing mortgage 
revenue bonds for capital cost, and 
making a charge for 
maintenance and operation. 

5. The use of Couneil authorized 
revenue bonds for the eapital cost, to 
be serviced as to debt service by the 
revenue from a sewer charge, which 
charge should be sufficient to provide 
for maintenance and operation. 


sewer service 


There is no need of discussing the 
advantages and disadvantages of the 
various methods because they are com- 
mon knowledge among most municipal 
officials. In general, however, general 
obligation bonds voted by the elector- 
ate must be guaranteed by a tax rate 
or general tax revenue to insure pay- 
ment of the principal and _ interest 
when due. Therefore, they add to the 
general debt, on which there is a 5 per 
cent statutory limitation. Also, it 
would be quite difficult to secure a 
favorable vote simultaneously in all 
the cooperating municipalities. 

General obligation bonds authorized 
by Council are in the same category 
as those voted by the electorate, but 
must come within the 1 per cent debt 
limitation. Also, the amount that can 
be issued in a single year is limited to 
10 mills. Therefore, this type of bond 
cannot be relied upon to yield any sub- 
stantial amount. 

Mortgage revenue bonds must be 
guaranteed by a mortgage on the sew- 
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age disposal system established as a 
utility. Debt service obligations are 
met by a sewer rental. The bonds are 
not calculated in determining the net 
indebtedness and can be issued beyond 
the limiting per centum of net indebt- 
edness. 

General obligation limited revenue 
bonds, serviced by sewer service reve- 
nue collected from the users of the 
sewage disposal system, would be 
similar to those used by the Water De- 
partment. These bonds, as long as 
they are serviced by the sewer reve- 
nues, are not considered in computing 
the net indebtedness of the city. 

Figures were available to indicate to 
each of the municipalities what its ap- 
proximate proportionate share of the 
cost would be. In the early negotia- 
tions for an agreement, each agency 
wanted to exercise its prerogative of 
determining the best method of raising 
the money. This was agreeable to the 
city. All the complications that could 
result by independent methods of 
financing were anticipated, but since 
the Council had solicited the ecoopera- 
tion of the neighboring communities, 
it was only proper and courteous to 
permit the free expression of opinions. 

From the beginning, the engineers 
recommended, that: 

1. There be levied a sewer service 
charge to. be applied uniformly 
throughout the entire metropolitan 
area of service. 

2. Permanent improvements be 
financed from the sale of bonds, which 
would be amortized as to debt service 
from the revenue derived from the sew- 
er service collections. 


3. The expense of administration, 
billing, collecting, maintenance, and 


operation be paid directly from the 
sewer service charge revenue. 


These recommendations were not 
without a vocal and active minority 
opposition, which developed in public 
hearings. 

It should be appreciated that until 
the Ohio River Valley Water Sanita- 
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tion Compact was executed in June, 
1948, there was no agency for institut- 
ing any valley-wide program of sew 


age treatment Consequently, there 
being no need for hurry, the matter 
was allowed to drag 

In the meantime, to demonstrate sin 
cerity on the part of the eity of Cin 
cinnati, legislation for the construction 
of the Little Miami Sewage Works was 
advanced to the stage of the final in 
provement report, which was referred 
to the Publie Utilities Committee on 
June 5, 1940 

Construction drawings had been ap 
proved by the Ohio State Department 
of Health and the engineers were 
awaiting instructions to advertise for 
bids. But the council committee was 
reluctant to report back, being fearful 
to take the initial step in adopting such 
an innovation as a sewer rental in Cin 
cinnati, Consequently, no funds and 
no construction 

It would be boring to go through a 
narration of all that 
transpired in the ensuing years. Hov 


play-by-play 


ever, some of the highlights on finane 


ADMINISTRATION AND COLLECTION 


November, 1950 


ing as expressed from time to time may 
be of interest. One suggestion was 
that the Water Department construct 
the sewage disposal system. Some of 
the twenty-odd satellite communities 
argued for a flat sewer revenue rate, 
others for a sliding scale. Some pro 
ponents had in mind an initial low- 
rate schedule with periodic step-ups 
as the eonstruction program was de 
veloped It was generally believed 
that periodic increases in rates would 
be a constant source of irritation, and 
that such a plan would jeopardize the 
favorable acceptance of subsequent 
and future sale of bonds, as well as 
have an adverse effect on the interest 
rate of the bonds. Another school of 
thought advocated the fixing of a rate 
schedule high enough to enable the 
city t 
rate and reserve would be sufficient to 


» accumulate a reserve, which 


enable progressive installations of con- 
struction with peak requirements dated 
8 to 10 years in the future 

The latter scheme, illustrated by Fig- 
ures 4 and 5, was recommended and 


strongly Ss ipported by the engineering 


TOTAL ANNUAL COST 


DEBT SERVICE 


OPERATION AND MAINTENANCE 
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FIGURE 4.—Estimated annual cost requirements for Cincinnati sewage 
treatment program. 
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FIGURE 5. 


division as being a more conservative 
and a sounder basis on which to launch 
the sewage disposal program. The wis- 
dom of this plan was ultimately recog- 
nized and the plan was adopted. 


Agreements 


Negotiating agreements was a time- 
consuming operation. The engineers 
recommended a standard form of 
agreement, but each village solicitor 
had his idea of what should be in the 
contract. As a result two years would 
elapse and nothing would be accom- 
plished. By this time, another group 
of officials generally had been elected 
in many of the suburban villages and 
they had to be informed on the subject. 

The election in the fall of 1947 wit- 
nessed the failure of many of the in- 
cumbent officials in the villages to be 
re-elected which necessitated another 
start to acquaint the new officials with 
the problem 

Consequently, in January, 1948, the 
city manager again transmitted an 


agreement and advised each party 
that the city of Cincinnati must pro- 
ceed with the development of the 
program and asked for a final commit- 
ment. This represented the fourth bi- 
ennial attempt to revive metropolitan 
interest and cooperation on this sewage 
disposal project. Nevertheless, aside 
from the city of Norwood, which had 
signed an agreement in October, 1947, 
only five villages of 22 acknowledged 
receipt of the documents. 

Finally an ordinance was adopted 
by the City Council on May 12, 1948, 
establishing July 1, 1948, as the effec- 
tive date for collecting the sewer rental 
charges. The time allotted from the 
date of passage of the ordinance to 
the effective date, a matter of only six 
weeks, was at best too limited to prop- 
erly prepare for collecting on 112,000 
accounts. 

Basically, the ordinance provides 
that a charge be made against all prem- 
ises having an active sewer connection, 
based on the quantity of water used 


| 
| 
| 
Ks. 
AY 
| 


1308 SEWAGE AND 


IN 


therein, determined meter and 


by 


irrespective of the source of water in 


edule of sliding rates start 


ng with $0.06 per 100 eu. ft. for the 
first 60,000 en. ft. monthly (or 180,000 
1. ft. quarterly) consumption, with a 
rradual reduction in rates for the 


nption brackets Exemp 
be 
the cits 
manager that a portion of the water as 
measured di 

The city 
also, to negotiate a 
benefited tical 


nected to 


vranted where it can 


satisfaction of 


es not enter the sewer 
authorized, 
with each 


nanager Was 


contract 


po 
the 


the treatment and disposal of its sew 


subdiv sion econ 


sewer system for 


ive, based on the same conditions and 


t forth in the ordinance. If 


Charyves sé 


the agreement was consummated prior 
to and not later than December 31, 
1948, retroactive charges were to be 


made and collected at rates prese ribed 
the 
was consummated after the 


December 31, 1948, 


in he ordinan e Hlowever, if 


ayreement 


then the retroactive charges were to 
be made and collected at double the 
rates prescribed in the ordinance 

The s ficance of the double charge 
for retroactive billing was sufficient to 
obtain action; by the deadline date 21 
villages and the county had executed a 
ontract, lea uy only one villawe, the 
ouneil of which advised the city man 


ier that it had deeided to construct 


The ordinance required all private 


\ to be ristered llowever. as 
ery few were registered voluntarily 
the id another time-consumin: 


Neve rtheless, persisten 


brought results and the survey dis 
los 213 act wells within the met 

tan area of sewer service Al 
wells are now metered and well water 
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and returned to the sewer has 
produced a revenue in excess of $100,- 
OOO 


used 


On the negative side, there has been 
disclosed 1,369 septic tanks within and 
8,700 outside the city limits. All, how- 
ever, are within the metropolitan areé 
of service, serving property for which 
no sewer is available. Consequently, 
these properties are exempt 

Throughout the years of discussion, 
as can well be appreciated, the City 
urged all 
keep the rates low despite a 


was from sides to 
rising 
trend in cost. 

In of fluctuating prices, one 


cannot state for certainty what the ul 


view 


timate cost may be when spread over 
Therefore, the con 
be timed to 
of bonds that can 
be amortized by the revenue from the 
sewer service charge 


a period of years 


struction program must 


match the amount 
This means an 
average construction program of about 
$2,000,000 to $2,500,000 a year 


Conclusion 


The suecess of this innovation can 
best be judged by delinquencies in pay 
ment. Surprisingly enough, the delin 
quencies have not been any greater 
than before the sewer service charge 
was added on the water bill, and it has 
not been necessary to turn off water to 
enforce collection of any account. 

It ean be concluded, therefore, that 
the people are aware of need for sew 
age treatment, that they are in sym 
pathy with the program, and that it 
only required some mandatory law and 
initiative of the local officials to launch 
the program 

Summarizing the situation: it was a 
long drawn out process calling for pa 
and fortitude, but 


tience, endurance 


it was finally done 
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III. INDUSTRIAL WASTES CONTROL 
By H. H. Kranz * 


Formerly Citu Enaineer, Cincinnati, Ohio 


The Federal Water Pollution Con- 
trol Act, known as Public Law No. 845 
and passed by the Eightieth Congress 
in 1948, as well as the Ohio River Val- 
ley Water Sanitation Compact, con- 
eluded the same year, make it manda- 
tory for the city of Cincinnati and in- 
dustry to reduce the polluting wastes 
being discharged to the Ohio River. 
How the city proposes to carry out the 
mandate, the scope of its sewage dis- 
posal program, what has been accom- 
plished and is in progress, and its pro- 
posed method of financing the projects 
have been adequately covered in the 
preceding papers. 


Need for Industrial Wastes Disposal 
Policy 


The next step, and a very important 
one, work out an arrangement 
whereby the city can cooperate with lo- 
eal industries in the matter of disposal 
of industrial wastes. 

Most authorities agree that it is un- 
reasonable to exclude all industrial 
wastes from the sewers. It is generally 
a wise policy to admit to the sewer 
system organic wastes, after such pre- 
liminary treatment as may be needed 
to prevent undue burden on sewage 
treatment, and to exclude wastes hav- 
ing an injurious effect on the physical 
structures or interfering with the mu- 
nicipal sewage treatment processes. 

As an approach to the problem, a 
comprehensive survey of flow measure- 
ments, as well as sewage analyses of all 
the sewer outfalls in the metropolitan 
area, was made by the city to obtain 
pertinent data. The field and labora- 
tory investigations show that most of 
the sewers of the metropolitan area 
carry sewage and wastes, which is nor- 
mal for an industrial city having com- 
bined sewers. There are, 


is to 


however, 


* Deceased June 9, 1950. 


four sewers--Eggleston Avenue, Evans 
Street, McLean Avenue, and the Mill 
Creek interceptor—which carry un- 
usual loads of solids. In the last two 
sewers named, the volume and charac- 
teristics of the wastes are particularly 
outstanding. 


Sources of Strong Sewage 


Quoting from the summary report 
prepared by the consulting engineers : 


“Measurements and analyses of sewage 
and wastes, coupled with industrial sur- 
veys in the MeLean Avenue, and Mill 
Creek interceptor districts, show that a 
substantial portion of the sludge-forming 
solids are contributed by six types of in- 
dustry; namely, paper mills, distilleries, 
chemical plants, soap works, slaughtering 
and packing plants, and tanneries. 

It is estimated that these industries con- 
tribute approximately 82 tons per day of 
sludge-forming solids, which is 49 per cent 
of the total suspended solids discharged 
from the whole area tributary to a Mill 
Creek plant. If these wastes were elimi- 
nated, the suspended solids of the sewage 
of the area would be reduced from the 
unusual value of 494 p.p.m. to a more 
nearly normal content of 253 p.p.m.” 


It is obvious that many of these in- 
dustries have been operating for years 
in violation of the existing plumbing 
section of the Building Code. 

The discharge of industrial wastes 
into sewers or watercourses often rep- 
resents simply an easy method of dis- 
posing of spent or waste products, but 
it may signify poor ‘‘housekeeping”’ 
methods at the plants, and the loss of 
values. The dollar value loss may be 
a stimulant, which accounts for the 
present trend in industry, wherein con- 
siderable study is being given toward 
reduction of the wastes in the plant, 
process changes, and recovery methods, 
rather than one of treating the plant 
wastes. 
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Effects of Industrial Wastes 


rom the increase in the cost 


Aside f 
f the municipal plant due to enlarged 
y requirements, increased facil 
and provisions for the solids and 
produced, certain wastes have 


nudge 


leleterious effect on the sewers and 
plant struetures and an undesirable ef 
the sewage, due to the mixing 
ind interaction of different wastes and 
treatment 


conditions, 


the inhibiting effects upon 


Processes These adverse 


all for some corrective ac 


Remedial Measures 
here are, in general, three methods 
f ‘+h to the problem of indus 


approa 


trial waste disposal: 


accepts all wastes and 


1. The 


iISSUMeES 


city 
all responsibility for disposal, 
ither at its own expense, or with spe 
al charges to industry for this serv 
and 


wastes 


2. The 


places full responsibility on industry 


city rejects all 


tor t} e disposal of its own wastes 


3. A combination of the above, 
wherein industrial wastes are con 
trolled and modified at the source to 


in extent which renders them accepta 


ble for discharge into city sewers 


lhe first method is not a proper so 
lution, because it would relieve the 
‘fending industries, who are respon 
sible for the pollution or excess load 
from any share in the cost of abate 
ent or treatment Thus, it would 
offer no restraint from unnecessary 
uiditional pollution or contributions 
For the city to assume all responsi 
bility and make special charges to in 
dustry for this service may lead the 
ty into an impractical, if not an i 
nossible, situation In some cases, it 
may require pretreatment at the site 
f the dustry. For preper control 
and regulation, the industry may have 
to operate its business as dictated by 
the city Certainly, industry would 
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to surrender the control of 


its business 


not care 

The second method is way 
out for the city; at least, it would ap- 
How 
this probably would be suicide 


an easy 
pear so without further thought. 
for the engineer, who had designed the 
sewage works with the understanding 
that all industrial wastes would be ex 
cluded. The realization of such a uto- 
pian condition in a highly industrial- 
ized community is something out of 
this world. The city could not main- 
tain a qualified staff of men to enforce 
such a rigid policy. 

Therefore, the third method 
what appears to be a fairer approach. 
By designating appropriate uses of the 
sewer, the management of an industry 
has an opportunity to study its prob- 
lem on its merit. It can decide for it- 
self whether it is financially advantage 
ous to pretreat, or to simply control or 
modify the waste at its source so as to 


offers 


meet city regulations 

Consequently, the city should adopt 
a policy that will permit selection of 
individual plant waste treatment for 
with a pro- 
for disposal 


over-all economy, 


greatest 
that 
service in proportion to the quantity 
waste discharged to 


viso industry pay 


and character of 
the sewer 


Industrial Wastes Ordinance 


Currently, the sewerage service 


charge is only made on a volume-of- 
flow basis However, one section of 
the ordinance calls attention to the 


wastes as will dam- 
be 


treated satisfactorily at the municipal 


exclusion of such 


age the disposal system or cannot 
further, to wastes that im- 
the 


In such eases, 


plant; and, 


pose an unreasonable burden on 


sewage disposal plant 
the city manager may compel the pre 


treatment of the sewage or may recom- 
mend the levying of a surcharge. In 
cidentally, these to regulate 


wastes entering city sewers will apply 


efforts 


as well to wastes from communities or 


plants outside the city 


; é 
ee 
: 
therefore, : 
tivities j 
_ 

: 
_ 
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Management of industry apparently 
is agreeable to cooperate with the city 
on this waste disposal matter and is 
willing to proceed with whatever rea- 
sonable modifications are necessary to 
meet city requirements. Industry can 
do much by ‘‘inside treatment’’ to re- 
duce both volume and strength of 
wastes and should be given ample op- 
portunity to institute and effect these 
improvements. This would benefit both 
city and industry. On the other hand, 
many firms realize that some form of 
pretreatment will be necessary and re- 
quired, and consequently have pressed 
for a more specific interpretation of 
the general statements contained in the 
paragraphs of the service charge ordi- 
nance relating to industrial wastes. 

Accordingly, the engineers drafted a 
tentative industrial wastes ordinance, 
which in form is patterned after the 
‘*Model Ordinance’’ suggested by the 
Federation of Sewage Works Associa- 
tions, as published in ‘*‘ Manual of Prae- 
tice No. 3.’’ The intent of the ordi- 
nance is to: 


1. Establish characteristics of sew- 
age and industrial wastes that are pro- 
hibited from discharge into the public 
sewers. 

2. Define a ‘‘normal’’ sewage for 
the city of Cincinnati. 

3. Set up limitations, beyond which 
ndustrial wastes otherwise acceptable 
for admission will be subject to pre- 
treatment at the point of origin, and/or 
to a surcharge for constituents above 

t. Fix rates for such surcharges 
where wastes above ‘‘normal’’ are per- 
mitted admission to the publie sewers 
if Cineinnati 


These all supplement the industrial 
wastes section of the existing ordi- 
nance 

The highlights of the tentative in 
dustrial waste ordinance are briefly 
summarized in the following: 


1. ‘‘Normal’’ sewage, as defined, 
contains suspended solids, 300 p.p.m.; 
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B.O.D., 240 p.p.m.; and grease, 50 
p.p.m. 

2. Apart from all solid, semi-solid, 
or viscous substances, and liquid-car- 
ried wastes, which by the ordinance are 
excluded from the public sewers by 
reason of their deleterious effects, de- 
structive action, odor, clogging poten- 
tialities, and inhibition on treatment 
processes, industrial wastes will be ad- 
mitted to the city sewers by agreement 
and on approval of the city manager, 
but subject to the following limitations 
and/or to surcharges, when (a) The 
daily average of suspended solids 
and/or B.O.D. does not exceed two and 
one-half times the average daily con- 
centration of ‘‘normal’’ sewage, with 
a tolerance for a 15-min. duration of 
a concentration not greater than five 
times, and (b) Emulsified oils or grease 
do not exceed 200 p.p.m., with total 
contributions from individual plants 
subject to control. 

3. For wastes having constituents 
higher than the aforementioned limi- 
tations of concentration, pretreatment 
will be required. 

4. Where pretreatment is required 
to produce an admissible waste, the 
pretreatment may be planned to mod- 
ify the wastes so as to reduce the con 
centration (a) to that of ‘‘normal’’ 
sewage, or (b) to the limitation of con- 
centration noted in 2 (a). 


It was stated previously that six 
types of industries contribute about 
half the total suspended solids. If all 
this industrial waste were delivered to 
the municipal sewage works, it would 
produce an influent approximating 500 
p.p.m. of suspended solids and 400 
p.p.m. of B.O.D. These constituents 
are twice the average of the raw sew- 
age at the sewage works in 50 indus- 
trial cities across the country, indicat- 
ing the abnormality of the sewage in 
Cincinnati. 

Local industries are aware of the 
problem and the necessity for some ac- 
tion in disposing of their wastes. Their 
managements realize that, as a matter 
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of equity, the city cannot be expected 
to carry the full financial burden of 
treating the excessively heavy indus- 
trial wastes 

In some cases it is more economical 
to pretreat the industrial waste at its 
source, On the other hand, there may 
be instances where, if the waste is not 
objectionable on other counts, it may 
be treated at the municipal plant at 
less expense to the industry. Industry 
knows its problems better than does 
anyone else 


The objective of the city is to coop 
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erate with industrial management and 
to be reasonable in dealing with the 
problem, so as to minimize the expense 
in reaching the endpoint. Obviously, 
it is not possible to satisfy everyone, 
but when the ordinance is completed 
it will be presented to Council and, no 
doubt, passed 

It is felt certain that industry, which 
has given full cooperation in the past, 
will continue by helping the city evolve 
an industrial wastes ordinance that will 
be as nearly satisfactory to all as is 


possible. 


CLEAN WATER IS EVERYBODY'S BUSINESS 


Under the title ‘Clean Water Is Ev 
erybody’s Business,’’ the U. 8S. Public 
Health Service has recently issued an 
attractive 28-page booklet setting forth 
in simple, understandable fashion the 
problems of stream pollution abate 
ment and prevention, as well as sug 
ested steps in reading the objective of 
reducing or eliminating waterway po! 


lution. Excellent pictorial presenta 


tion of the various phases of both the 
problem and the solution made for 
easier understanding of the points br 
made 


Pollution damage to such important 


water uses as public health, recreation, 
fish and aquatic life, industrial water 
supply, and agriculture is stressed in 
eye-catching form Suggested reme- 
dial activities include development of 
comprehensive programs of stream sur 
vey, establishment of water quality 
standards, and stimulation of treat- 
ment plant construction 

Copies of the booklet are available at 
Oe per copy by requesting **Publie 
Health Service Publication No. 11”’ 
from the Superintendent of Docu- 
ments, U. S. Government Printing Of- 
fice, Washington 25, D.C 


| 
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POLLUTION OF IRRIGATION WATERS 
By C. T. Wricut 


Regional Engineer, U. 8S. Public Health Service, Denver, Colo. 


Modern irrigation in the United 
States dates from 1847, when the Mor- 
mons first diverted surface water to 
irrigate desert land in the Great Salt 
Lake Valley of Utah. Irrigation con- 
tributed to early western development, 
and today it is playing a major role in 
the agricultural and economic develop- 
ment of the western states. In the arid 
and semi-arid sections of the West, wa- 
ter is considered one of the most valu- 
able natural resources, and the full uti- 
lization of the limited water resources 
for all purposes is considered essential 
to its greatest development. More than 
half of the land area of the continental 
United States, consisting of 1,160,000,- 
000 acres, is located in 17 * of the states 
west of the Mississippi River where ir- 
rigation for agricultural purposes is 
practiced extensively. 

About one-half of all truck vegetable 
crops, and over three-fifths of the fruit 
produced, is raised in the West by irri- 
gation. Of all crop production in the 
17 western states, about 30 per cent is 
from irrigated land. In the mountain 
states, about 60 per cent of the total 
crop production is from irrigated land ; 
in Nevada and Arizona, virtually all 
crops are irrigated. In the 6 plains 
states, only about 6 per cent of the to- 
tal crop production comes from irri- 
gated land, leading this area 
with irrigated production of 15 per 
cent of all its crops. In terms of 1947 
farm value, this irrigated production 
amounts to $2,400,000,000 (1) 


Texas 


* Arizona, California, 
Kansas, Montana, Nebraska, Nevada, New 
Mexico, North Dakota, Oklahoma, Oregon, 
South Dakota, Texas, Utah, Washington, and 
Wyoming. 


Colorado, Idaho, 


Distribution of Rainfall 
in the Western States 


With the exception of the western 
portion of the northwestern states, 
precipitation is inadequate for the 
growing of most agricultural products 
in the western states. As a result, irri- 
gation is essential to agricultural pro- 
duction and development. 

One-eighth of the area of the 17 west- 
ern states averages less than 10 in. of 
precipitation a year. An additional 
one-fourth of the area has only 10 to 
15 in. Still another fourth has only 15 
to 20 in. A further one-fifth is in the 
rainfall belt of 20 to 30 in., which 
means a deficiency of moisture for 
many crops and frequently for all 
crops during vital growing periods. 
Only 15 per cent of the area of the 17 
western states has 30 or more inches 
of rainfall (1). Additional informa- 
tion covering the distribution of rain- 
fall in the western states is presented 


in Table [. 


The Reclamation Program 1948-1954 


Estimates indicate that 21,120,000 
acres of land are under irrigation in 
the western states, leaving only 16,840,- 
000 acres for possible development (2). 
A program for the utilization of this 
land is under way. The U. 8. Bureau 
of Reclamation is supervising the con 
struction of many new projects and in 
vestigating entire river basins to de- 
termine the manner in which maximum 
development The 
trend is toward large multiple-purpose 
projects, which, in addition to supply 
ing water for irrigation, will provide 
hydroelectric energy 
municipal 


can be attained, 


for public use, 


water supplies, recreation 
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TABLE I. Average Annual Rainfall (In Inches) in the 17 Western States ' 


wth Dakota 1892-1947 19.39 
South Dakota 1800-1947 29 00) 
876-1947 27.57 
Kansas LSS7~-1047 35.20 
Oklahoma 10.83 
[SSS-1047 10.02 
Memtane 1805-1047 1h 
Wyoming 1802-1947 
Colorado [888-1047 
New Mexico 1802-1047 
\rizona [895-1947 
Nevada 1047 
California 1897-1947 
Oregon [800-1047 14.12 
Washingtor 1047 16.76 
Idaho 1894-1047 26.07 
Utal 1892-1947 14.30 


Midd Western State 
Division Division Average 
16.59 15.37 17.12 
17.09 18.04 19.10 
22.27 17.95 22.60 
20.44 19.12 26.95 
33.24 25.75 32.03 
22.91 13.60 2.83 
15.06 20.1 16.28 

16.70 


13.85 

8.09 

23.08 

53.73 26.31 

57.47 34.59 

15.71 12.76 18.18 
LO. 13.41 


Source of information: U. S. Weather Bureau 


West of the continental divide 
Northern division 
‘Southwestern division 

1 GIVISIOr 

Cireat Basin drainage 
Colorado River drainage 


acilities, fish and wild life conserva 
tion, and many other benefits. 

The Bureau of Reelamation’s 
1948-54 program for the conservation 
and development of western water ré 
sources would irrigate 2,036,000 acres 
of arid | 
about 24,000 new farms. It also pre 


ind within 7 vears, creating 
DOSES to provide a sorely needed add 
tional supply of water to 3,607,000 
acres of land consisting of nearly 66 
} 


OOO farms now irrigated but short o 


wate! This development requires a 
sizable investment, totaling $3,891,900 
000 for the seven years. The regional 
studies indicate that water is available 
for the ultimate irrigation of 14,800 
000 more acres of new land in addition 
to the 2,040,000 aeres proposed under 
the 1948-54 program This ultimate 
new land figure does not include range 
land susceptible of irrigation for pas 
ture on which insufficient information 
hie’? (9 


is avatilal 


‘Irrigation projects that were de 


veloped in the past wer rally pro 
vided irrigation water at a= fairly 
reasonabl st Hlowever, the m: 


jority of recent developments and 
projects currently under construction 
nvolve elaborate facilities for the 
storage and transportation of water 
which will increase the cost of irriga 


tion Under these conditions the cost 
of water to the irrigators may be in 
reased; however, greater returns 
from irrigation should) permit irri 
ors to pav for these deve lopments 
The anticipated increase in cost of 
water from current and future de 
elopments will probably involve th 
production of more truck and fruit 
crops that provide a higher monetary 
return Since these products are usu 
illy consumed in the uncooked state 


they provide the greatest health haz 


Irrigation purposes 

Figure 1 portrays the land use and 
rrigation possibilities (2 in the 17 
western states located west of the Mis 


er This chart illustrates 


the extent to which irrigation has been 
leveloped, and the potentialities of ex 


ending irrigation in the western states 


fe 
j 
16.54 
14.49 
is 
: 
} 
tne 
x 
5 
if 
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Water Supply 
Irrigation farmers rely on two chief 
sources of water—surface and ground 
water. In many areas of the West, the 
combination of surface and under- 
ground water sources is important in 
providing irrigation water. The fact 
that more than three-fourths of all ir- 
rigated land in the West depends ex- 
clusively on stream flow, makes these 
waters of particular interest from a 

water pollution standpoint. 
The need of water for agricultural, 


POLLUTION OF IRRIGATION WATERS 


1405 


municipal, and industrial development 
has exceeded the natural supplies in 
many western communities. Both in- 
dustry and agriculture have failed to 
take adequate measures to insure suf- 
ficient supplies of water to meet their 
In some cases, com- 
have dimin- 


expanded needs. 
munities and industries 
ished potential water supplies by pol- 
lution of surface waters. 

A large share of the water that be- 
comes available for irrigation purposes 


originates in the mountains of the 


Key 


1,000,000 ocres 
Horvested dry croplend 


1,000,000 acres 
Irrigated land 


1,000,000 ocres 


1940 census 


O~ 360,000 


a 


Potentiolly irrigable new land os of July 1, 1947 


FIGURE 1.—Land use and irrigation possibilities of 17 western states (2). 
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SEWAGE 


where surplus rainfall and melt 
ing snow are collected and stored for 
Water 


source usually originates in 


‘ing the growing season 


hea forested and sparsely settled 
areas, where pollution of the source of 
supply is limited. Although the water 
is generally of good quality from a 


bacteriological standpoint when with 


drawn from its souree or storage, it 


becomes 


subject to pollution by domes 


tic and industrial wastes as it flows 


through populated centers while en 


route to the areas where the water is 
used for irrigation and other purposes 


Water 


| ] 
the tower 


etc red im reservoirs located 
“aches of streams below pop 


ulation centers is subj 


et to pollution 
discharge of wastes into streams 


these Practi 


by the 
that supply reservoirs 
ally all of the water from the major 
itv of western streams is allocated for 
various purposes, and during the irri 
ration season the major portion of the 
thus reducing 
for the 
industrial 


flow is diverted 


the amount of water available 
and 


channels of these streams 


lilution of domestie 


wastes The 


and their tributaries range in charac 


ter from small washes, which are prac 
tically dry part of the time, to rivers 
flow 


continuously. In streams 


f intermittent natural flow, raw sew 
ndustrial wastes, and treatment 
lant effluents constitute most of the 
flow in certain areas during part of 
he year, and may be only a small part 


f the total flow at some places during 


periods of high runoff Under thes 
ond irrigation channels divert 
ne fr the streams below populated 
ireas irry sewage and industrial 
vastes in varying degrees of initia 
treatment and stream dilution 
The increased demand for irrigation 
vater has placed greater emphasis on 
use of reclaimed sewage for irriga 
tion purposes This practice has bee 
pproved by the health authorities wu 
tain conditions and is t ‘ 
sib from an standpoi 
nm some areas, a greater demand for 
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reclaimed sewage is anticipated in the 
future. The trend in this direction has 
been demonstrated by a recent census 
in the 
reveals that sew 


of sewage effluent reclamation 
United States, which 
age disposal effluents are being used 
crops in 124 lo- 
Although it is generally 


for the irrigation of 
ealities (3 
agreed that the use of raw or untreated 
sewage is unsatisfactory for the irriga 
from a public health 
standpoint, partially disinfected efflu 
ents from treatment plants are consid 


tion of crops 


ered satisfactory for this purpose when 
the effluents are not used for the irriga 
tion of vevetables that are 


in the uncooked state 


fruits and 


to be eonsumed 


Public Health Considerations 


1937 


for the irrigation of crops in some lo 


Prior to raw sewage was used 


ealities. This practice has been dis 
continued, however, due to the action 
of State and local health authorities in 
discouraging it. 
though this problem has been solved, 


a large 


prohibiting o1 


and 
discharge un 


number of communities 


industries continue to 
treated and partially treated domestic 
and industrial wastes into streams used 
for irrigation purposes. Available evi 
dence indicates that health hazards are 
associated with the use of polluted wa 
the irriga 
vegetables that are 


ter from these streams for 
tion of fruits and 
consumed in. the 


though the 


not been determined 


uncooked state, al 


extent of these hazards has 
These problems 
will become more acute with the in 
crease in population and industrial de 


velopment unless effective water pol 


ution abatement programs are initi 
ited in the western states. Some of 
the states have made considerable prog 
lirection, but in 


ress in this others 


plans for the eontrol of pollution ot 


irrigation waters are still in the devel 


Publie Law 845, whieh was enacted 
by the 80th Congress to control pollu 
n of interstate waters iv assist it 


is problet 


140) 

| 
3 

5 
| : 
{ 
solving thi! 
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Previous investigations have indi- 
cated that pathogenic bacteria found 
in practically all domestic wastes will 
persist for days in sewage-irrigated 
soil (4), as well as upon the outer skins 
and leaves of vegetation grown therein. 
Under these conditions it appears pos- 
sible that the field workers, food han- 
dlers, and ultimate consumer are sub- 
ject to infection in connection with the 
handling and consumption of fruits 
and vegetables that are irrigated with 
polluted waters. Although evidence 
tracing epidemics to such sources is 
inconelusive in many instances which 
have been subject to epidemiological 
investigation, Tanner (4) concluded in 
1935 that, ‘‘Good epidemiological evi- 
dence seems to exist in the literature 
to the effect that fresh vegetables may, 
and communicable  dis- 
eases and that the sanitary condition 
of the soil from which they are har- 
vested is important.’’ 

It has been the practice of some irri- 
gators to wash their vegetables in irri 
gation ditches by leaving them sub- 
merged overnight. Bacteriological ex- 
amination of the washings from these 


have caused 


vegetables revealed that in some cases 
the vegetables were contaminated by 
polluted water that flowed in the 
ditches. 

The use of polluted water for the 
irrigation of fruits and vegetables is 
also objectionable to the health author 
ities, as well as the ultimate consumer, 
from the standpoint of aesthetics. Aes 
thetic considerations are important, in- 
asmuch as they may affect the market 
for produce from areas where polluted 
water is used for irrigation. 

Cattle that have access to fields irri- 
gated with polluted water present the 
problem of communicating infeetion to 
the animals and thence to consumers 
Two cases of cattle being infected with 
Cysticercus bovis, or tapeworm, under 
these conditions have been reported. 
Cattle that pastured on a sewage irri 

Melbourne, Australia, 
with Cysticercus bovis, 


farm in 
infected 


vated 


were 
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and the cattle that were slaughtered 
were responsible for the development 
of Taenia saginata in humans who con 
sumed the beef (5). Discovery of in- 
festation with Cysticercus bovis in beef 
cattle pastured in an Arizona field ir- 
rigated with partially settled sewage 
suggested the possibility that the 
worms had been transmitted through 
the sewage. It appeared that the cat- 
tle, in addition to grazing on the irri- 
gated land, persisted in drinking the 
sewage effluent in preference to fresh 
water (6). There is also a possibility 
that the udders of dairy cows may be 
exposed to contamination in irrigation 
ditches and while grazing on fields that 
have been irrigated with polluted wa- 
ter. Infection from this source may 
be transferred to the ultimate con- 
sumer through unpasteurized milk. 

Most bactericides, fungicides, insecti- 
cides, and herbicides, as well as certain 
plant hormones, salts of heavy metals, 
and many organie chemicals, render 
effluents unfit for irrigation use. Great 
care should be exercised in permitting 
the disposal of trade wastes into sewer 
systems if the effluent is to be used for 
irrigation waters. 
trade should be looked 
with suspicion, as many 
found in such wastes may be toxic to 
plants and eattle (7) 


Effuents containing 
wastes upon 


substances 


Sanitary Requirements for Irrigation 
Waters 


The question of sanitary require 
ments for irrigation waters is still an 
unsettled problem, and existing re 
quirements indicate that there is a dif 
ference of opinion among health au 
thorities regarding practical limiting 
values. No such exhaustive studies 
have been made on the sanitary quality 
of irrigation waters, comparable to 
that established standards for 
drinking water, swimming pools, and 
shellfish Investigations con 
cerning the sanitary quality of irriga 
tion waters and their relationship to 
the edible crops produced are a basic 


those 


waters. 
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in those areas with lim for adoption by the Association of 
resources where streams are State and Territorial Health Officers 
ised for waste disposal and the receiv 


: ge 1. That the Publie Health Service, in co- 
iverted for irrigation operation with State health departments 
asmuch as no generally and other agencies, organizations, and 
ptable sanitary requirements are at groups capable of rendering technical as 
nt available for irrigation waters, sistance, be requested to initiate such re 
based upon state laws search and study as is necessary to deter- 

ype of present knowledge. mine reasonable minimum requirements for 

and past experience with water used for irrigation of food crops, 


— bathing, recreation, food and drinks proe 
, — essing, and water used in any way which 

OL opinion among nealith 
may adversely affect the public health, and 


2. That the Public Health Service, in co- 


operation with State health departments 


regarding the health haz 
iated with the use of pol 
the irrigation of edible and other interested agencies and parties 
‘eflected in the regulations of concerned, be req 1ested to develop and as 

states where extensive irri sist in the adoption of recommended mini 
racticed The requirements um requirements by State health depart 

he states where no forma nts and other interested agencies and 
parties 


ave been adopted, to re 
ents where treatment plant efflu According to Streeter (8 


the prob 
lem of irrigation waters is one of grow 


the irrigation of vegeta 
for human consumptior ing public health significance because 
lly equivalent to the bacte- of the various types of salad and 
il requirements of the drinking other raw consumption vegetables be 
standards. The regulations ming grown in irrigated fields in large 
areas and shipped through interstate 

Channels to all sections of the country 
Il oxidized an At the present time, no widely accepted 
‘igid bacteriological re ’ 


nia and Oregon require that ef 
be used for the irrigation of 
he we 
standards exist for the quality of ir 


olorado’s regulations also 


rigation waters or the streams from 
bacteriological standary which they are drawn. Standards of 
be used to irrigate fruits reams used for other agricultural 
les for human consump purposes, notably for stock watering, 
a number of the western states need to be developed in more precise 
re required before sewage ef and comprehensive form. At present 
an be used for irrigation pur opinions appear to diverge widely as 


to the degree of pollution which is safe 
» Conference of State San for natural waters consumed by live 
ers in 1947, the subje toc} Limiti 


ST 


ne values for certain 
standards for ther t chemical pollutants toxic to domestic 


er was discussed in animals also need to be defined 


It was the opinion of 


finite need Existing and Proposed Studies 


pagecthnaee Basie research studies covering prob 
ality of irri lems relating to the pollution of irri 
+} 
asion The gation waters are being conducted at 


water the 


t} 


present time. Three of these stud 
ay ade possible by funds allot 

vate institutions by the Re 
Grants Division of the National 


Institutes of Healt} The studies re 


st 
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ferred to, together with the institutions 
conducting the studies, and the dates 
they were initiated, are as follows: 


1. The sanitary significance of sew- 
age effluents applied to truck crops; 
Michigan State College. Initiated in 
1948. 

2. The incidence and significance of 
intestinal pathogens in sewage contam- 
inated irrigation water and on food 
products irrigated with polluted wa- 
ter; University of Colorado Medical 
School. Initiated in July, 1948. 

3. The study of the hazards of pol- 
luted irrigation water, its effect on 
soils, and related health problems; 
Texas College of Mines. Initiated in 
January, 1949. 


Bacteriological studies on irrigated 
fruits and vegetables were initiated in 
July, 1949, in Denver, Colo., by the 
Environmental Health Center of the 
Public Health Service, Cincinnati, 
Ohio, to supplement the studies listed 
above. The preliminary work was ini- 
tiated to determine the pollution be- 
ing transferred by irrigation waters to 
the soil and vegetables in terms of coli- 
form and enterococcus densities. 

The health authorities interested in 
developing minimum requirements for 
waters to be used for the irrigation of 
food crops are of the opinion that ex- 
isting research studies should be sup- 
plemented by an epidemiological in- 
vestigation to determine the relation- 
ship between the use of fruits and 
vegetables that have been irrigated 
with polluted water and enteric in- 
The Environmental Health 
Center of the Public Health Service 
plans to initiate an epidemiological 
study when funds become available for 
this purpose. 

A conference on polluted irrigation 
waters, sponsored jointly by the En- 
vironmental Health Study Section, Di- 
vision of Research Grants and Fellow- 
ships, National Institutes of Health, 
Public Health Service; the Texas State 
Health Department; and the El Paso 


fections. 
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City-County Health Department, was 
held in El Paso, Texas, on January 27, 
1950, to discuss various phases of this 
problem and the results of current re- 
search studies. The results of the meet 
ing were summarized as follows: 


1. From the limited available epidemi- 
ological information it appears that no 
major public health hazards have devel- 
oped from present irrigation practices; 
due largely to the vigilance and good prac 
tical supervision provided by health de 
partments. 

2. More research and studies are needed 
to develop methods which will permit fur- 
ther utilization of existing and potential 
irrigation waters. It is agreed that there 
is need for better indices of suitability of 
water for irrigation purposes and that fur- 
ther investigation of this subject is essen 
tial. 

3. The United States Publie Health 
Service should continue and expand its 
activity in stimulating and carrying out 
research in the entire field of irrigation 
water uses as related to public health. 

4. Industry should be further encour- 
aged in the development and use of vege 
table washing and sanitizing equipment. 

5. It is recommended that the economics 
of using sewage effluents as irrigation wa- 
ters be included in the studies of the over 
all problem. 


Requirements for Sewage Treatment 


The report on ‘‘Salvage of Sewage’’ 
(9) concludes the discussion of public 
health considerations by the following 
excerpt: 


Thus it would appear that except for use 
upon vegetables to be eaten raw, an efflu- 
ent from about the treatment afforded by 
subsidence, trickling filters, and secondary 
subsidence effecting about 85 per cent re- 
duction in bio-chemical oxygen demand 
(B.O.D.) and suspended solids, followed 
by chlorination, should satisfy health re- 
quirements, and that the use of reclaimed 
water for irrigation of growing crops—as 
well as of processed sewage solids as fer 
tilizer—-may not be ruled out on strictly 
public health grounds. 


This report (9) also summarizes the 
publie health problems associated with 
salvage of sewage as follows : 
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Standards for the use of sewage and its 
pre ilgated by health author 
tie ifford he best « teria n this field 
that 
‘ ts untreated solu 
tent ecently 
ed, ot eome in contact vith 
foodstull ted tor human consump 
tion, nor sha estock graze upon pa 
it ir? ere 
} ‘ rops vhiel ire o be har 
este re ed may be irrigated with 
the ntreated effluent trom adequate sub 
dence 
(ec) | ein the ¢ ation of human 
I tuff, | | arly ut to be eaten raw, 
the water reclaimed from sewage must be 
oxidized and thoroughly sterilized at 
Sewag olids to be used as ferti 
ver must be digested and dried, or if un 
rested ! kiln-dried at tem pe ra 
ture hieh destroy all inimieal patho 
hic i 
The use of wage effluents for crop 
irrigation #urposes in California is 


‘covered by t following rules adopted 
in May, 1933, by the California Stat 


Department of Public Health (10 


Rule 3 Eftluent ol eplie tanks, Im 


hoff tank of other settling tanks, or 
part tected effluents of spr kling 
filter or ed luclore ints of m 
ir ‘ sha he used to water 


rarden truck, ber 


ries, r ne rut such that the 


fruit is in « t with the ground, or to 
water vineyards or orehard crops during 
‘ ! he windfalls or fruit lic 
n the u Sucel ewage, effluents, 
or Any or screenings shall not be 
permitted dite or pipes which may be 
ed to irrigate vegetables, garden truck. 
Dberrie ! iit 
Nurse tock, eottor such  fielk 
erop i rice illaila, sug 
( ( cow beet na 
cur ! f tere vit uch settled 
ed part disinfected 
ewage ¢ pre lex] no m 
cow ( ‘ n the 1 while it is 
I tw ‘ ‘ to ditches 
ire ma ‘ Lor iting growing 
4 table re n exeh ely tor seed pur 
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lds where crops are raised and 
watered not in conflict with this rule. 


poses in 


Rule 4. The foregoing restrictions do 
t apply against the use of well oxidized 
non-putrescible and reliably disinfected or 
filtered effluents which alway meet the fol 
owing bacterial standard: In any 20 con 
ecutive samples, from which five 10 e.e. 
vortions each are examined, not over ten 


ortions shail be positive tor members of 


the Coli-aerogenes group, and in no single 
ple shall over half the 0.1 ¢.e. portions 
ot the sar ple of the effluc nt be positive for 


he above organisms 

The works and methods used for the pro 
duction of such oxidized and disinfected 
effluent must be correctly adapted to the 
purpose and designed with adequate fae 
tors of safety to produce uniformly a well 
oxidized, odorless, and inoffensive effluent, 


horoughly filtered, treated, or disinfected 


to meet the above standards 


Where the reclamation of sewage 1s 
permitted for use in the cultivation of 
fruits and vegetables to be eaten raw. 


the majority 


f health authorities are 
in agreement that treatment plant ef- 
fluents should be well oxidized and 
adequately disinfected. 

As previously stated, no widely ac- 
cepted requirements exist for the qual 
ity of irrigation waters or the streams 
from which they are drawn. Under 
these conditions, health authorities are 
aced with the necessity of recommend. 
ng the type and degree of sewage 
reatment that should be provided 
fluent will be discharged 


a stream to be used for the eulti 
ation of truck Crops, in the absence 


of basic supporting data. This econdi- 


nm apples where the quality of water 


r the irrigation of fruits and vege 
tables is of paramount Importance 
Until accepted requirements or stand 


irds become available, health authori 


ties will have to base their decisions re 


irding the type of sewage treatment 
! uired to safeguard irrigation waters 


n past experience and available in 


rmation on this subject, which is not 
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South African Experience 


The results of previous investiga- 
tions in South Africa show that the use 
of polluted water for the irrigation of 
vegetables and pastures has been re- 
sponsible for the transmission of water- 
borne diseases and infection from ani- 
mal parasites in both humans and eat- 
tle (11 

Reports indicate that a large pro- 
portion of the native population in 
South Africa is infested with animal 
parasites (that is, worms) and the 
numbers of eggs, ova, and cysts that 
reach the sewer systems from this 
source is very great and constitutes a 
real problem. In view of the danger 
of transmitting these infections from 
the sewage disposal plant effluents, city 
officials in Johannesburg studied the 
problem to evaluate the risks involved 
in order to determine the type of sew- 
age treatment that would be needed to 
The five 
Johannesburg sewage disposal plants 
were studied for over a year, and the 
following results were summarized by 
Dr. B. M. Clark in a report to the 
Chief Medical Officer of the Union 
Health Department (12): 


assist in solving the problem. 


1. That the eysts of Entamoeba histo- 
lytica (amoebic dysentery), eggs of Ascaris 
lumbricoides (round worm), of Taenia 
saginata (tapeworm), and of Ancylostoma 
(hookworm), are frequently present in 
Johannesburg sewage as it arrives at the 
works. 

2. That eysts or eggs have been found in 
screened sewage, settled sewage, primary 
filter, and humus tank effluent, and also in 
the effluent from activated sludge plants. 

3. That in the samples examined, no 
eggs, ova, or cysts found to have 
passed secondary sand filters (ordinary and 
Hamlin reversible types) or underdrained 
land filtration areas. 


were 


The results of these researches appear 
to indicate that as far as South Africa is 
concerned, the value of the secondary sand 
filter is brought into prominence. It is 
likely that in South Africa the slow sand 
filter will be, in the future, a compulsory 
adjunet to any sewage works from which 
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the effluent is to be discharged into a stream 
or is to be used for irrigation on land on 
which crops for human consumption may 
he grown. 


The fact that cysts and eggs of ani- 
mal parasites are frequently present in 
Sonth African sewage emphasizes the 
need for complete sewage treatment, 
including sand filtration, where the ef- 
fluent is used for the irrigation of truck 
crops prior to or after dilution. This 
problem is not so acute in this country, 
and the use of sand filters as an ad- 
junct to present methods of treatment 
is questionable. However, future 
studies should provide the answer to 
this problem. 


Conclusions 


The information presented empha- 
sizes the importance of irrigation for 
the economic and agricultural devel- 
opment of the western states. In this 
connection, the pollution of irrigation 
waters is one of the problems that re- 
mains to be solved in some areas in 
order to permit the maximum utiliza- 
tion of available water resources. Dif- 


ferences of opinion apparently exist 
among health authorities regarding the 
health hazards associated with the use 
of polluted water for the irrigation of 


edible crops. This is reflected in the 
lack of uniform requirements or stand- 
ards to cover this problem. As no 
widely accepted requirements or stand- 
ards exist for the quality of irrigation 
waters or the streams from which they 
are drawn, there is a definite need for 
basic data on which reasonable re- 
quirements can be based. 

No conclusions can be drawn at this 
time from current research studies 
covering problems relating to the pol- 
lution of irrigation waters, and it is 
the opinion of health authorities that 
more research and studies are needed 
to develop methods which will permit 
further utilization of existing and po- 
tential irrigation waters. These studies 
should be supplemented by an epi- 
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tables 


In the absence of widely ac- 
itionsl} ip betwee n the use of ee pted re quire ments or standards, 
exposed to polluted irriga health authorities are faced with the 
t and enteric infections. necessity of requiring a high degree of 
vars to be some agreement treatment for domestic and industrial 
the use of well oxidized and wastes where irrigation waters are in 
ly disinfected effluents for use volved in order to eliminate possible 
irrigation of fruits and vege health hazards 
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SLUDGE ELUTRIATION AT THE RICHMOND-SUNSET 


PLANT, SAN FRANCISCO, CALIF.* 


By Keeno FRASCHINA 


Superintendent, Richmond-Sunset Sewage Treatment Plant, San Francisco, Calif. 


Previous to discussing experience 
with elutriation at San Francisco's 
Richmond-Sunset plant, a brief review 
is in order as to what elutriation is 
and why it is used. These remarks are 
confined to the elutriation of digested 
sludge, but the same general principles 
apply to the elutriation of other sludges 
as well, 

Elutriation comprises, essentially, 
the removal of soluble decomposition 
products normally present in sludge 
by washing with water comparatively 
free of such compounds. There are 
four steps in the process: 


1. The sludge is diluted with water. 

2. The sludge and water are mixed 
thoroughly and rapidly to form a 
weaker solution of the dissolved decom- 
position products. 

3. The washed sludge is removed 
from the mixture by sedimentation. 

4. The weaker solution is decanted. 


In two-stage elutriation the sludge is 
washed twice, using fresh wash water 
each time. In countercurrent two- 
stage elutriation, the sludge is also 
washed twice; but, instead of using 
fresh water each time, the solution de- 
canted from second-stage washing is 
used for first-stage washing. This euts 
wash-water requirements in half with- 
out appreciable loss in washing effi- 
ciency. The amount of soluble decom- 
position products removed is usually 
measured analytically in terms of al- 
kalinity reduction, but is sometimes 
measured in terms of ammonium ion 
reduction. 


* Presented at 22nd Annual Meeting, Cali- 
fornia Sewage Works Association; Long 
seach, Calif.; May 3-6, 1950. 
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The purpose of elutriation is to re- 
duce the amount of coagulating chemi- 
cal necessary to condition the sludge 
for vacuum filtration and to produce a 
sludge having more uniform coagulat- 
ing and dewatering properties. Di- 
gested sludge normally contains decom- 
position products in sufficient concen- 
tration to form objectionable amounts 
of gelatinous precipitates with coagu- 
lating chemicals like ferrie salts and 
lime, or aluminum salts and lime. 
These gelatinous precipitates not only 
consume excessive amounts of chemi- 
cals but also make the sludge difficult 
to dewater. Elutriation greatly re 
duces the concentration of soluble de- 
composition products. As a result, the 
sludge solids can be coagulated readily 
with small amounts of ferrie salts or 
aluminum salts, without the use of 
lime, and are then easily dewatered on 
a vacuum filter. 

The elutriation process was incorpo- 
rated in the original design of the 
Richmond-Sunset plant on recommen- 
dation of the Board of Consulting San- 
itary Engineers, composed of Harrison 
P. Eddy, Charles Gilman Hyde, Clyde 
C. Kennedy and Leon B. Reynolds, in 
order to: 

1. Reduce ferrie chloride require- 
ments. 

2. Eliminate the use of lime. 

3. Produce a sludge with uniform 
coagulating and dewatering character- 
istics. 


The process has been in continuous 
use since the treatment plant was 
placed in operation in 1939 and has 
successfully met design expectations. 
Facilities for two-stage elutriation are 
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also being provided in the North Point 
sludge plant, now under construction 


Richmond-Sunset Plant Facilities 


The elutriation system at the Rich 
mond-Sunset plant was designed for 
ontinuous flow, countercurrent, two 
stage elutriation at a rate of 100 g.p.n 
sludge to 300 g.p.m. wash water. The 


original installation consisted of 


l. Two rectangular sedimentation 
tanks with mechanical scrapers, each 
with 2-hr. retention time and an over 
flow rate of 800 g.p.h. per sq. ft. The 
17,000-gal. first-stage tank is 14.83 ft 
wide, 50.5 ft. long, and has a water 
depth of 8.25 ft. The 55,000-gal. see 
ond-stage tank is of the same width 
and length, but has a water depth of 
ft 
2. Two cylindrical mixing tanks, 
ach 4 ft. in diameter by 7.5 ft. high, 
vith motor driven paddles, and pro 
iding approximately 1l-min. retention 

4. One displacement-type sludge 
pump for transferring settled sludge 
from the first washing stage to the 
second 

4. Meters for measuring sludge and 
wash water 

Foreed-draft ventilation with dis 
harge at the building roof 


When the treatment plant was en 
larged, in 1948, a new primary digester 
was constructed and the existing pri 

ary digester was converted to a see 
ondary digester. An additional dis 
placement-type transfer pump was 
added to the elutriation system and 
iping changes were made to permit 


any combination of the following op 


l. Two-stage elutriation of sludge 
from either digester 

2. Single-stage intermediate elutria 
tion of sludge between primary and 
secondary digestion 
3. Elutriation of supernatant liquor 
om either digester 

4. Return of washed sludge from ei 


er washing stage to either digester 


Wash water is plant effluent (pri 
mary), which is diverted from the ef 
fluent channel after post-chlorination 
has been applied, and flows to the elu 
triation system by gravity. Chlorin- 
ated effluent is used to avoid the pos 
sibility of reintroducing pathogenic 
organisms into the washed sludge. Cost 
al alysis shows this to be the most eco 
nomical wash-water supply available, 
despite the fact that primary effluent 
has an appreciable coagulant demand, 
which adds to the chemical cost of co 
agulating the washed sludge 


Normal Operation 


All sludge withdrawn from the di- 
gestion system ts elutriated. Sludge to 
be dewatered on the vacuum filters is 
viven two washings. Sludge from the 
primary digester to be elutriated be 
fore transfer to the secondary digester 
is given a single washing 

In two-stage washing, sludge enters 
the elutriation system at the first-stage 
mixing tank, where it is mixed with 
overflow water from second-stage wash 
Ing Sludge is removed from the mix 
ture in the first-stage sedimentation 
tank and transferred to the second- 
stage mixing tank, where it is mixed 
with fresh wash water entering the 
elutriation system at this point. The 
sludge, in turn, is removed from the 
mixture in the second-stage sedimenta 
tion tank, where it is stored until with- 
drawn for vacuum filtration. Sludge 
does not accumulate in the first-stage 
tank, but is transferred continuously 
to second-stage washing In single 
stage elutriation, the washed sludge is 


] 


transferred directly from first-stage 
sedimentation to the secondary di 
gester 

The elutriation system is designed 
for gravity flow of wash water from 
second-stage to first-stage washing 
The overflow weir in the second-stage 
sedimentation tank is 1 ft. 3 in. higher 
an that in the first-stage sedimenta 
on tank. Spent wash water overflows 


from the first-stage sedimentation tank 
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to a raw sewage sump and is pumped 
back to the plant inlet. 

Filtrate from the vacuum filters also 
flows through the elutriation system, 
rather than being returned directly to 
the plant influent. This is done on the 
theory that the ferrous salts, present 
in relatively high concentrations, may 
be partially oxidized to ferric salts, 
which in turn may help to produce a 
better settling sludge. There is no di- 
rect evidence, however, that either of 
these steps actually takes place. 

The operation of the elutriation sys- 
tem is controlled by measurement of 
sludge accumulation and by regulation 
of sludge and wash-water flows. Sludge 
accumulations are measured directly 
by hand sampling, or indirectly by 
visual observation of tank overflows. 
The vacuum filters are ordinarily op- 
erated one shift per day five days per 
week. Sludge normally is allowed to 
accumulate in the elutriation system 
during night shifts and over week-ends. 
Excessive accumulations are removed 
by operating the vacuum filters for 
longer periods of time, or by returning 
excess sludge to the digestion system. 
Sludge and wash-water flows are regu- 
lated to maintain a sludge to wash- 
water ratio as close to 1:3 as practica- 
ble in both washing stages. The flow 
rates are approximately 100° g.p.m. 
sludge to 300 g.p.m. wash water. 


Operating Experiences 

Short-Circuiting 

Soon after the elutriation system was 
placed in operation, it was discovered 
that considerable sludge was being car- 
ried out in the overflow and being re- 
circulated through the plant. This 
condition persisted regardless of rate 
of flow and despite attempts at corree- 
tion by adding coagulants or by keep- 
ing sludge accumulations to a mini- 
mum. It was then decided to make 
dye tests to determine whether short- 
circuiting was occurring. An inexpen- 
Pompacy] Carmine 2G) 
The tanks were cleaned and 


sive red dye 


was used 
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filled with wash water. 
at the tank inlets and travel was ob- 
served visually at the surface and by 


Dye was added 


sampling below the surface. The main 
flow was found to be horizontally along 
the bottom with a sharp, nearly verti- 
cal rise at the effluent weirs. The first 
color appeared at the effluent weir 
within 10 to 15 min. after addition of 
dye. 

On the basis of these tests, baffles 
were installed at the inlet end of each 
tank to obtain more uniform distribu- 
tion of flow and to eliminate scour 
along the bottom. Vertical baffles were 
placed at the inlets from the mixing 
tanks and just inside the openings 
from the distribution channel ; horizon- 
tal baffles were placed just below the 
bottom row of openings. On comple- 
tion of the installation, dye tests indi- 
eated short-cireuiting was virtually 
eliminated. When sludge washing was 
resumed, the effluent remained clear. 
Since that time, overflow suspended 
solids have been at a consistently low 
level, except at infrequent intervals 
when the system was overloaded with 
sludge. 

Scum Formation 

Occasionally it was found that con 
siderable gas-buoyed scum accumulated 
on the surface of the first-stage sedi- 
mentation tank. This condition was 
corrected by the installation of water 
sprays discharging parallel to the sur- 
face toward the inlet end of the tank. 


The water spray releases the gas so 
that the sludge particles, being no 


longer buoyant, readily settle out. 


Elutriation of Supernatant Liquor 

A two-stage digestion system was 
contemplated in the original design. 
However, owing to lack of funds, only 
a single digester was constructed. The 
design capacity was 0.8 eu. ft. per cap 
ita and supernatant liquor was re 
turned directly to the plant inflow. 
Despite the rather limited digestion 
capacity available, digestion was very 
good. Reductions in volatile matter in 
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the neighborhood of 65 per cent were 
However, in the 
little strati- 
supernatant 


obtained consistently 
there 


digester was very 


heation 
‘thi 


and 
The total sol 
ids content of supernatant liquor re 


into clear 


bottom sludge 


turned to the plant inflow was often 
per 
serious problem of sludge recirculation 


as high as 1.5 cent, leading to a 
In order to alleviate this condition, it 
was decided to try elutriating the su 


pernatant liquor. After making neces 


sary piping modifications of a minor 
nature, it was found that suspended 
solids could be removed from super 
natant liquor by elutriation just as 


effectively as from bottom sludge. Elu 
triation of supernatant liquor was then 
instituted as a permanent operating 
feature and has practically eliminated 


solids recirculation from this source 
“ated Sludae 


The elutriated 
between 4.5 


sludge has averaged 


and 5 per cent total sol 


s. This concentration appears to be 


obtained revardless of the solids Col 


tent of the sludge being elutriated 


The alkalinity reduction is approx 
The approximate 


as 


i ately SU per cent 


alkalinities of the digested 


sludge elutriated sludge, and wash 
water are 2.000, 400, and p.p.™m., 
respectively The amount of ferric 


chloride required to coagulate the 


sludge for vacuum filtration has varied 


from 4.5 per cent on dry solids in 1939 
to 3.3 per cent at present There is 
also a seasonal variation, which de 


pends largely 


on the quality of the 


wash water. The amount of ferri 
chloride required drops to a little less 
than per cent during the winter 
months, when there is much storn 


water dilution of the wash water 


and 
rises to a litt 


e over 4 per cent during 
the dry summer months 
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Intermediate Elutriation 

Intermediate elutriation of sludge 
transferred from the primary digester 
to the secondary digester was started 
on an experimental basis in July, 1949, 
on completion of the two-stage diges 
tion system. The purpose was to de- 
termine the effects on sludge separa 
Single- 
stage washing, as previously described, 
was carried on without interference 
with normal elutriation of secondary 
The sludge settled out 
readily in the secondary digester, leav- 
ing a clear supernatant liquor not ex- 
ceeding 1,300 p.p.m. total solids. The 
settled sludge had an average total sol 


tion in secondary digestion. 


bottom sludge 


ids content between 5 and 6 per cent 
In April, 1950, intermediate elutria- 
tion was discontinued and direct trans 
fer of sludge from the primary digester 
to the secondary digester was started 
It is too early to draw definite conelu 
sions as to the relative merit of the two 
methods of operation. Nevertheless, it 
that intermediate elutriation 
produces a more concentrated sludge 


appears 


and a clearer supernatant, and adds 
flexibility of operation to the digestion 
system 


Conclusion 


The elutriation system has proven it- 
self in actual operation to be a very 
valuable part of the 
plant treatment processes. It has not 
expectations of 
reducing coagulant requirements and 


and necessary 


only fulfilled design 
producing sludge with uniform coagu- 
lating and dewatering properties, but 
also has been utilized effectively in re- 
moving suspended solids from digester 
supernatant liquor. It has increased 
the flexibility of operation of the two 
stage digestion system and shows prom 


ise of increasing its capacity 
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LITERATURE REVIEW ON THE OCCURRENCE AND 


SURVIVAL OF ENTERIC, PATHOGENIC, AND 
RELATED ORGANISMS IN SOIL, WATER, 
SEWAGE, AND SLUDGES, AND ON 


The following portion of the litera- 
ture survey is concerned with those 
pathogenic and parasitie organisms of 
animal classification which are most 
likely to be transmitted through the 
handling or eating of raw fruits and 
They may be considered 
as divided into protozoa and helminths. 
The most important of the former, 
from the standpoint of the problem 
under study, is Endamoeba histolytica, 
the cause of amebiasis and amebic 
dysentery. Among the helminths can 
be mentioned the tapeworms, Hymeno- 
lepis nana; the roundworms, Ascaris 
lumbricoides and Trichuris trichiura; 
and the hookworms, Necator ameri- 
canus and Ancylostoma duodenale. 


vegetables. 


Endamoeba histolytica 

Craig (20) lists five species of amoe- 
bae found in the intestinal tract of 
man. Only one, Endamoeba_histo- 
lytica, is definitely known to be disease- 
producing. The most important modes 
of transmission of the organism are 
be contaminated water 
supplies, foodstuffs grown on contami- 
nated soil or handled by ‘‘carriers,’’ 
and flies. 

Winfield and Chin (54), in studying 
the epidemiology of this amoeba in 
northern China, found that evaluation 
of the part played by vegetables in its 
was difficult. northern 


cousidered to 


spread 


* Paper of the Journal Series, N. J. Agri- 


cultural Experiment Station, Rutgers Uni- 


versity, New Brunswick, N. J. 


VEGETATION 
II. Animal Parasites * 


By Witiem Rupo.irs, Luoyp L. FauK, Roserr A. 


1417 


China, where nightsoil was worked 
into the soil, the amebie infection rate 
was higher than in southern China, 
where pouring wet feces directly over 
vegetation was more frequently prac- 
ticed. They concluded that vegetable 
fertilization was not so critical a fae- 
tor in the spread of dysentery as the 
part played by food handlers. 
Aldridge (1) reports the following 
incident experienced by sanitary of- 
ficers of the United Nations Relief and 
Rehabilitation Administration : 


Museirat, the Greek refugee camp near 
Gaza, Palestine, housing nearly 10,000 
refugees, reported a high incidence of 
amebie dysentery. The source of infection 
was traced to the fresh vegetables bought 
by refugees from the natives. In_ this 
whole area, human excreta were used for 
fertilizing vegetable gardens. The refu- 
gees were advised to cook all vegetables 
before consumption. However, it soon be- 
came apparent that it was impossible to 
stop them from buying and eating un- 
cooked vegetables. Upon the recommenda- 
tion of the camp sanitary engineer, a cen- 
tral canteen was set up by the camp staff 
to buy all fresh vegetables and fruits from 
the natives and sell them to the refugees 
at cost. Within this canteen, all vegetables 
and fruits were immersed in a 200-p.p.m. 
hypochlorite solution for one-half hour and 
then rinsed in clear water to remove the 
chlorine taste. This operation brought 
about a substantial reduction in the num 
ber of reported dysentery cases. 


Early experimental work on the 
longevity and resistance to germicides 
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of E. his 
eosin staining test as the criterion of 


tolytica cysts depended on the 


living cysts This has been largely 
superseded by more accurate cultural 
techniques and, thus, must be borne in 


mind in evaluating results 


Boeck (9)(10), using the staining 
ascertained that cysts of FE. 
were viable in distilled wa 
153 days at 12° to 22 
estinal amoebie cysts were 
from 32 
The thermal death point 
for 


ter for at least 


alive after periods ranging 


was found at 68° C histolytica 
cysts. York and Adams (56), using 
cultural methods, found this death 
point at but the cyst could 
stand 45° ©. for 50 min 


Bartlett, and Kessel (35) eon- 


ley] 


cluded that evsts, like bacteria, would 


not penetrate the stem end of fresh 
vegetables to any great extent The 
most effective method of killing pro 

tozoan cysts and helminth eggs, as well’ 


fruits and 
boiling 


bacteria, on 
into 


vegetables was 


dipping 
The eosin staining 
for cyst work 
Dobell 93) (94 who studied free 
amoebae of E. histolytica, found that 


survive three days in water 


temperature and some as long 


as five weeks at 37° C The eysts, on 


the other hand, were found to survive 


up to 37 days at room temperature, but 
died in a few days at 37° C 

Hleener noted that chronic 
amoebie dysentery attacks in a small 


missionary settlement 


ereatly diminished when a drilled well 
and oil-driven pump were installed as 
protection for the water supply. 

In an effort to evaluate the pollu 
tion of hands of careless carriers, 
Spector and Buky 15 using the 
staining technique, found that few FE 


‘d five minutes 


iuman hands polluted with 


histolytica evsts 


SUPVIN 


In 1949. Beaver and Deschamps 7 
histolytica eysts sur 
moist soil 


fo davs in 


INDUSTRIAL 


WASTES November, 1950 
Cyst viability was checked by cultural 
The soil used was a dark 
loam, containing 30 to 50 per cent fine 
sand. The cysts were washed and then 
worked into the top 10 to 15 mm. of 
This, the fact that the 
studies were made in the tropics dur- 
ing the rainy season, tended to nullify 
the effects of desiccation on the cysts. 


techniques 


soil. plus 


The temperature during the period of 
the test ranged from 28° to 34° C. It 
is the opinion of the authors that the 
death of the 
temperatures 

The survival of BE. 
drinking 
treatment plant practice has received 
attention within the last 


eysts was due to the high 


histolytica in 


water and in present water 
considerable 
30 vears 


Wenyon (52 


of chlorine in 


found that 100 p.p.m. 
water had no effect on 
FE. histolytica cysts, even after several 
tech- 
using 
the 
the 


hours’ exposure (eosin staining 
York and Adams (56 
that 


kill 


nique ) 
cultural concluded 


would 


methods, 
same concentration 
evysts in 30 min 


(44) 


and Baylis, Gullans, and Spector (6) 


Spector, Baylis, and Gullans 


studied the efficiency of rapid sand 
filters and removing and 
killing FE water. The 
eosin staining technique was used for 
the 
dicated that coagulation and 


chlorine in 
histolytica im 


Their results in 
filtration 
with rapid sand filters were capable of 


chlorine studies 


removing over 99.99 per cent of the 
cysts added to the test water. The 


amounts of chlorine or chloramine re- 


quired to kill the eysts were far in ex- 
cess of those used in public water sup- 
plies, but chlorine was more effective 
500 
p.p.m. of chlorine were not always able 
to kill all evsts in 48 hr 
the kill 
indicating a possible pH effect 


than chloramines As much as 


However, 
was better in unbuffered solu- 
tions, 
eaused by the chlorine 

Boldue (11) found that evsts of the 
dysentery live in water 


amoeba mav 


for m but are killed in 5 min. at 


65° ©. and in 10 min. by drying at 
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room temperature. To kill the cysts 
with 500 p.p.m. of chlorine required 
10 min. 

Stone (49) used both staining and 
cultural methods to evaluate the re- 
sistance of EF. histolytica eysts to chlo- 
rine. He concluded that the cysts 
were no more resistant than colon 
bacilli. The ortho-tolidine and neutral 
starch iodide tests used to evaluate 
chlorine concentrations were found to 
give false readings in the presence of 
large amounts of organic matter and to 
this he attributed the high chlorine 
dosages other investigators found nec- 
essary to kill the cysts. 

Brady, Jones, and Newton (12) also 
found sand filters effective barriers 
against the evsts. Using calcium hy- 
pochlorite to treat raw water in Lyster 
bags, they found that the cysts are not 
completely killed with practical chlo- 
rine doses except after at least 20- 
min. exposure. Doses of 7.5 p.p.m. of 
chlorine were able to kill the majority 
of the cysts, giving considerable pro- 
tection against amebiasis under field 
conditions. 

Kessel et al. (33) found that 0.3 
p.p.m. of residual ozone was more ef- 
fective than 0.5 to 1.0 p.p.m. of resid- 
ual chlorine in killing FE. histolytica 
Also, the activity of chlorine 
decreased at higher pH values. 

Chang and Fair (17), Chang (16), 
and Fair, Chang, Taylor and Wine- 
studied the viability of E. 
histolytica cysts in water and their de- 
struction by certain germicides. Cul 
tural methods were used in all the 
work. The survival time of the cysts 
was about 90 days at 0° C. and was 
reduced by one-third for each 10° C. 
rise in temperature. The survival in 
and natural waters showed 
about the same results. 


cysts. 


man (25 


sewage 


chlo- 
rine and chlorine compounds depended 
upon the temperature, chlorine cose, 
contact time, cyst concentration, hy- 


The eysticidal efficiencies of 


drogen-ion concentration, organic mat- 
ter present, and the form in which the 
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chlorine was added. In general, the 
chlorine dose required decreased by 
about 40 per cent for each 10° C, tem- 
perature rise and by some 20 per cent 
for each doubling of contact time. The 
eysticidal dosage did not decrease be- 
low 2 p.p.m. except at high tempera- 
tures and long contact periods. The 
dosage also increased by some 30 per 
cent for each doubling of cyst density. 
Lower pH values (6 to 7) were more 
favorable for the action of chlorine 
than high values (7 to 9). The con 
centration of chlorine required to de- 
stroy cysts lay well within the range 
of super-chlorination if contact time 
of 30 min. or longer were used. The 
death of colon bacilli preceded that of 
E. histolytica eysts. 

Comparison of free chlorine, hypo- 
chlorite, and chloramine solutions in 
dicated that at 18° C. and pH 7.0 the 
above order was that of decreasing effi 
ciency in cysticidal activity. The 
presence of sewage complicated mat- 
ters because of the presence of am- 
monia, which produced chloramines 
with free chlorine. Also, the presence 
of organic matter decreased the chlo- 
rine efficiency markedly and the chlora- 


mine efficiency but slightly. Soluble 
organic matter was more influential 


than suspended organic material. 

Synthetic detergents were tested for 
their cysticidal properties. Four cati- 
onie detergents were found effective 
cysticides, a neutral detergent less so, 
and anionic detergents were of little 
value. Contact time of 10 min. at 30 
p.p.m. or 2 hr. at 10 p.p.m. was ree- 
ommended. However, the tendeney of 
water so treated to foam, as well as the 
unknown human physiological effects 
of these detergents, kept their use in 
experimental stages. The possibility 
of their use in safeguarding cooking 
utensils and raw fruits and vegetables 
was suggested, 

Becker, Burks, and Keleita (8) felt 
that cultured used by Chang 
might be more resistant to chlorine 
than cysts freshly isolated from in- 


cysts 
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feeted patients 
dicated the 


drinking 


Results presented in 
probability that chlorina 
tion of water in practical 
amounts could not be depended upor 
to kill all EB Cul 
methods test via 


histolytu a 
used to 


cysts. 
tural were 
bility 

Gordon (29 
all five 
E. histolytica, in a 3-yr. 


found viable cysts of 


intestinal amoebae, including 
examination 
of Moscow sewage. Furthermore, sedi- 
mentation up to 6.5 hr. with and with- 
mut coagulation with ferric chloride 
failed to eysts. Chlorine 
‘concentration up to 12.7 p.p.m. resid- 
ual had no effect on E. histolytica 


Consequently, viable 


remove all 


within 30 min 
cysts were found in the sewage plant 
effluent 
Hamlin (30 
conclusions from the sampling of sew 
South Af 
Cysts 


reported the following 


age in five Johannesburg, 


sewage treatment plants 


well as eggs of 


histolytica, as 


parasitic helminths, were frequently 


nresent in screened ane settled sewacre 


} 


and in trickling filter, humus tank, and 


idge_ effluents Hlowever, 


activated sl 


effluents of se ‘ondary sand filters or of 


underdrained land areas showed no 


eysts or eggs 


Summary and Conclusions 


In sun mary the following eonclu 
ions may be drawn from the literature 
the Endamoehba 


and behavior in wa 


eoneerning 


evsts of 
histolytica their 


and soil, and on vegetation: 


ter sewauwt 


1. The disease caused by these or 
rAanISMS IS @SSE ntially water borne, al 
role played by nightsoil and 


vegetation has never been clearly cde 


ineated Ihe role of ‘‘earriers’’ is 
also of no small importance 

2. 3 ysts may survive for weeks, 
possibly months, in water and sewage 

}. The methods used to test the vii 
bility of cysts have, until recently, been 
open to considerable eriticism as to re 
liability. In early chlorine studies, the 


observed resistance of the cysts may 
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have been due, in part, to false chlo- 
rine determinations. 

4. The early chlorine studies indi- 
cated that a minimum of 100 p.p.m. of 
chlorine would be required to kill E 
histolytica cysts. However, more re 
cent results indicate values 
not necessary, but that they are on the 
order of 2 to 15 The form of 
the chlorine varies in its efficacy, free 
The eysti- 
eidal activity of these chlorine com- 


such are 


p.p.m. 
chlorine being more lethal 


factors, 
among which are temperature, concen 
tration, contact time, and cyst density 
(Juaternary 
cationic detergents 
to have cystic idal properties. 

5. In and 
sand filters were found to retain cysts 


pounds depends on many 


ammonium compounds 


were also found 
treatment, 


water sewage 


most efficiently 


Helminth Parasites 


Helminth parasites of particular in- 
terest here are certain intestinal round 
Although the 
organisms are very widespread, infect 


worms and tapeworms 


ing millions of people, the importance 
of the role of raw fruits and vegetables 
in their 
understood 
Faust (27 
ship between nightsoil disposal and the 
helminthie 
Foodstuff 
with 


dissemination is not clearly 


discussed the relation- 


propagation of disease in 
China. 
taminated 
through 


may become con 


eggs or larvae either 
handling or the use 
Sterilization 
of nightsoil was most likely to reduce 


eareless 


of nightsoil as fertilizer. 


these diseases, but it had to wait upon 
development of a cheap potent agent 
with possible fertilizer property before 
The 


possibility WAS suegested of composting 


it could fit into Chinese economy. 


nightsoil for a period of time deter- 


mined to be sufficient to allow the most 
resistant types of larvae or eggs to die 
off. 

Stiles $s the reaction of 
larvae to various 
The lowest tem- 


hatch 


listed 
hookworm eges and 
temperature ranges 
peratures at which will 
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larvae that reach the infecting stages 
were 8° to 10° C. The most favorable 
range was from 20° to 35° C., but eggs 
will hatch at 40° C. Both eggs and 
larvae could withstand 40° to 50° C. 
for a few minutes and 50° to 60° for 
1 to 5 min. Above 60° C., however, 
the eggs and larvae were killed almost 
instantly. 

Investigations on the contro! of hook- 
worm disease in the West Indies have 
been made by Payne (41), Augustine 
(2) (3) (4) (5), and Cort (18). Among 
their findings were the following: 


1. The infectious larvae were gener- 
ally limited to a life in the soil of 6 to 
12 weeks under favorable conditions. 

2. Larvae died out in 3 weeks at 
35° C., in somewhat over 9 weeks at 
27° C., in 10 to 12 weeks at 15° C., but 
in only 1 week at 0° C. 

3. Direct sunlight caused almost 
complete drying out in 5 days, whereas 
shady soil was more favorable to the 
larvae. 

4. Soils covered with vegetation 
were more favorable for larval devel- 
opment. 

5. Water-soaked soils produced a 
rapid death rate. 

6. Larvae could be carried about on 
soil adhering to shoes. 

7. The larvae crept up vegetation 
and decayed wood as far as moisture 
films extended, but were rarely found 
on leaves of green plants. 


Cort ef al. (19) studied hookworm 
disease in China in relation to vege- 
table cultivation and viability in soil 
and nightsoil. Experimental turnip 
crops were fertilized with a mixture of 
one part of heavily infested feces and 
ten or more parts of water. Only a 
few eggs hatched into larvae, the high 
death rate being attributed to rapid 
surface drying. Hoeing gave greater 
larval development. These workers 
concluded that the use of human feces 
on vegetables constituted only a slight 
source of infestation, but this might 
become considerable when fertilization 


was done in wet weather on shaded 
plots, or where broken soil surfaces ex- 
isted. 

In stored nightsoil diluted with wa- 
ter, eggs were 90 per cent killed in 
about eight to twelve weeks in spring 
and in about four to six weeks in sum- 
mer (average temperature over 70 
F.). Dilution with urine instead of 
water hastened the death rate so that 
99 per cent of the eggs were killed in 
two to three weeks in summer. With 
lime additions, larvae failed to develop 
after one to twelve days’ treatment, 
depending on the lime concentration. 

Hirst (32) found as many as 250 
hookworm eggs per gram of silt in the 
main sewers of a Ceylon system. Lar- 
vae were infrequent. Septic tank 
sludge averaged 28 hookworm eggs per 
gram in addition to Ascaris eggs. As 
many as 330 eggs per liter of sewage 
had been encountered. In a_ small 
treatment plant with three Imhoff 
tanks in series, the final effluent con- 
tained 30 eggs per liter (15,500 per 
liter in the influent), over 98 per cent 
being removed in the first tank. 

Nicholls and Gunawardana (37) 
found that composting nightsoil in 
Ceylon produced an odorless manure 
free of Ascaris eggs, with only larvae 
of free-living nematodes present. 

Winfield and Chin (53), investigat- 
ing fecal-borne diseases in China, felt 
that direct contamination of the en- 
vironment—and not vegetables—was 
the critical factor in the spread of As- 
carts lumbricoides. 

Yoshida (58) found that mature 
eves of A. lumbricoides were still vi 
able after five to six months under 
layers of soil in winter. Immature 
eges subjected, in addition, to seven to 
eight months in the laboratory were 
still viable. He also found (57) that 
exposure to strong sunlight checked 
egg development and eventually killed 
them. 

Ascaris eggs are extremely resistant 


to many chemicals which are ordinarily 
lethal. Galli-Valerio (28) found that 
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Ascaris eggs could develop to the em 


bryo stage in 50 per cent sulfuric, hy- 
drochloriec, nitric, or acetic acids; satu 


rated solutions of copper sulfate, fer 


rous sulfate, and copper acetate; and 
in 50 per cent commercial formalin or 
50 per cent antiformin. Martin (34 
found that the ¢ 
lated pig Ascaris will resist freezing 


wos of the closely re- 
and remain viable in Nebraska soil 
over the winter 
Cras 21) also found that pig As 
eggs showed great resistance to 
ow ten peratures The eggs developed 
embryos (at 24° C.) even after 40 days 
exposure to 2 to 16° F., the long 
est period of exposure tested. Devel 
oped embryos, however, were killed in 
the eves by a ?O-< av exposure to 6 
to Ter aays at 6 to 
17° F. or 30 davs at + 12° to + 18 
FE. did not kill them. This worker con 
cluded that severe winter weather and 
cannot be relied upon to destr¢ 
the viability of these eggs in pens and 
nastures The abilitv of these eggs to 
develop was also found to be destroved 
by immersion for 10 hr. in 5 per cent 
carbolic acid, or 5 hr. in 3 per cent 
eresol 
Ransom and Foster (43) found that 
eggs with embryos could be kept alive 
for several hours in earbolic acid 
and Caldwell 14) (15 
point out that desiccation is the great 
est lethal factor to the development of 
{scaris eggs and any forees which 
hasten or retard drying (such as tem 
perature, humidity, and plant or insect 
fe) are important 
Brown (138) found that the type of 
soil was an important factor in the rate 
f development and viability of As 
carts and Trichurts eggs. Experiments 
in Panama showed that Ascaris eggs in 
feces deposited on sandy soil in the sun 
were degenerated in 21 days In the 
shade, however, 91 per cent of the egus 
mtained motile embryos in 35 days 
and deereased to 6° per cent in 54 
days 


Ascaris eggs developed in feces cde 


November, 1950 


posited in clay, loam, or humus soils, 
even in the sun. In the shade, devel 
opment was higher. In 21 days in the 
sun, development was 54 and 71 per 
cent in loam and clay, respectively, 
whereas in the shade the values were 
89 and 85 per cent. Development in 
humus soils was at least 20 days be 
hind the others 

Otto (39) studied the moisture re 
quirements of the eggs of several as 
earids. He found that human and pig 
ascarid eggs did not develop to em 
bryonation in atmospheres of less 
than 80 per cent relative humidity, 
although they remained viable for 
varying lengths of time in atmospheres 
containing less moisture. They ap 
peared to be similar in their resistance 
to desiccation in partially dry atmos 
pheres. As the temperature increased, 
the moisture requirements of the eggs 
also increased 

Spindler (47) found the Trichuris 
incidence in Virginia to be lower than 
that of Ascaris, except where the soil 
moisture was high because of shading 
Developing and dead Trichuris eggs 
were frequently found on wunshaded 
doorways of infested families, but 
fully embryonated, infective eggs were 
rarely found. On the other hand, em- 
bryonated eggs were often found when 
the doorways were in damp shaded 
places. He also found from laboratory 
experiments that Trichuris eggs re 
quire more moisture for development, 
whereas they die under moisture con 
ditions favorable for Ascaris develop 
ment 

Spindler (46) also found the num 
ber of en brvonated egos to be surpris 
ingly small in spite of the fact that the 
soils were, in many cases, being sub- 
jected to continuous pollutions. As 
these eves are known to remain alive 
for years In water in the laboratory, 
it appears that Ascaris ‘‘die much 
more rapidly in the soil than is com 
monly believed.” 
Owen $() ibserved that the dog 


iscarid, Torocara canis, survived the 
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winter months in Minnesota soil. He 
found that a snow blanket kept the 
soil relatively warm (minimum 5° F.), 
even though the air dropped to as low 
as — 24° F. (— 31° C.). 

In Kentucky and Minnesota, eggs 
disintegrated before reaching the in- 
fective stage in summer soils exposed 
to the sun. Soil temperatures as high 
as 132° F. (55° ©.) were obtained. 
Shaded sandy soils gave greater dis- 
integration than did shaded humus 
soils in Minnesota, but disintegration 
was not apparent in shaded clay and 
sand soils after 42 days in Kentucky 
during July and August. 

Laboratory tests showed that at 27 
to 30° C. a relative humidity of 75 per 
cent is the minimum to permit com- 
plete development. 

Wright, Cram, and Nolan (55), who 
surveyed 26 sewage sludge samples of 
16 California and Arizona municipali- 
ties and three national parks, found 
but one tapeworm egg of the genus 
Hymenolepis. In 75 army camp sam- 
ples, 27 helminth eggs were found, 
mostly those of Ascaris lumbricoides, 
Trichuris trichiura, and Hymenolepis 
sp. Eggs were found in raw sewage, 
but chiefly in sludges. Eggs were vi- 
able in sludge, which in some cases had 
been drying 62 days on sand beds. It 
was indicated that sewage sludge, in- 
diseriminately used as fertilizer, might 
serve to disseminate eggs of intestinal 
parasites. 

Cram (22) studied the effects of 
sewage treatment processes on hel- 
minth eggs and protozoan cysts. It 
was found that primary settling did 
not completely remove E. histolytica 
cysts, whereas hookworm and Ascaris 
eggs were removed more effectively, 
but not completely. The eggs can also 
pass through trickling filters and acti- 
Chemical 
treatment of secondary effluents, or 


vated sludge treatment. 


intermittent sand filtration, removed 
both eysts and eggs. This is in essen 
tial agreement with the results of Ham- 


lin (30) in Johannesburg, South Af- 
rica. 

In sludge digestion at 20° to 30° C., 
the viability of Ascaris eggs was little 
affected after three months, and 10 
per cent were still viable after six 
months. Even at greenhouse tempera- 
tures, a high percentage was viable 
after three to four months. Hook- 
worm eggs survived digestion for 
shorter periods: 64 days at 20° C.; 41 
days at 30° C.; and 36 days at room 
temperature. LE. histolytica cysts were 
viable for 12 days at 20° C., 10 days 
at 30° C., and 4 days outdoors (— 12° 
to 19° C.). 

Asearid eggs were viable in drying 
sludge for 118 days and for 170 days 
under greenhouse and outdoor drying 
conditions, respectively. They were 
still viable in sludge with less than 10 
per cent moisture but not less than 4 
per cent. It was econeluded that ordi- 
nary sludge drying would not com- 
pletely destroy ascarid eggs. Hook- 
worm eggs hatched in drying sludge 
and larvae were alive for as long as 
62 days, or until the moisture fell to 
10 per cent. Thus, sludge drying may 
also fail to kill all hookworms. 

Newton, Bennett, and Figgat (36) 
condueted laboratory tests on the ef- 
fects of various sewage treatment proc- 
esses on the eggs of the beef tapeworm, 
Taenia saginata, Using an 18-in. col- 
umn of raw sewage, they found that 
65 per cent of the eggs settled at a 
rate of 0.6 in. per min. or faster, 16 
per cent at rates of 0.3 to 0.6 in. per 
min., and 17 per cent at rates of 0.15 
to 0.3 in. per min. It appears that 
although sedimentation at moderate 
overflow rates for 1 to 2 hr. will remove 
the majority of the eggs, a significant 
percentage would escape in the effluent 

Trickling filters at slow rates showed 
about 30 and 38 per cent removal of 
the eges in two tests. This indicated 
the inadequate protection given to re 
ceiving streams by this process. 

Slow sand filters, on the other hand, 
at rates of 1 mg.a.d. completely 
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checked the passage of the eggs (one 
exception, 0.4 per cent recovery, in 
trials 

Aeration in the activated sludge 
process for 5 months showed no effect 
on the eggs except slow reduction in 
numbers which could have passed out 
the effluent 


Anaerobic sludge diges 
tion for 6 months at 75 to &)5 kK 


showed 30 and 46 per cent of the eggs 
to be normal in appearance in two 
trials 

Vassilkova (50) studied the viabil 
ity of helminth eggs in pit latrines 
In open latrines, eggs died within 6 

nths; in buried pits, however, 10 
to 13 months were required for 100 
per cent kill (97 per cent in 6 to 8 
months Kor dehelminthization of 
feces, he recommended burying them 
in early spring for 8 months to take 
advantage of the more rapid death rate 
in summer. Feces diluted with water 
1:1] by volume) took 20 months for 
95 per cent destruction of eggs. There 
fore, dilution was not recommended for 
manurinyg vegetables and berries to be 
eaten raw 

Vassilkova (51) also studied the con 
tamination of sewage farm vegetables 
with helminth eggs Nineteen eges 
chiefly of Ascaris, Trichuris, and Tae 
nia, were found per liter of sewage 


Soil irrigated with this sewage con 
tained 57 eggs per 6,600 gm. of soil 
Contamination of vegetables was as 
follows numbers contaminated per 
100 specimens cucumbers, 5 to 7; 
tomatoes, 3 to 16; earrots, 2 Only 46 
per eent of the Aseceris eves were vi 
ible 


Kor the protection of the vegetables 


the following recommendations were 


] Thu sewace should he stored for 


November, 1950 


the eggs. The sludge could be used 
for manure after composting 

2. Irrigation through _ trenches 
should be practiced with enecumbers 
growing on wide beds, carrots on beds 
15 em. high, and tomatoes growing 
without irrigation after flowering. 

3. All vegetables eaten raw should 
be gathered into baskets without being 
laid on the ground. 


The following conclusions were 
drawn from the survey on the parasitic 
intestinal helminths. 

1. The eggs of these organisms are 
fairly resistant in soil, sludges, and 
nightsoil, depending on external condi 
tions 

2. The eggs of the genus Ascaris are 
the most resistant of the eggs of this 
type of organism not only to chemicals 
and disinfectants, but also to environ 
mental conditions 

3. Survival in soils and sludges de 
pends on the maintenance of a certain 
minimum moisture and on tempera 
tures below the lethal death point. Low 
temperatures are survived, although 
development is retarded 

4. The type of soil and shading de 
termine the moisture and temperature 
conditions so that they greatly affect 
the survival of eges 
5. Vegetables grown in soil contam 
inated with infected sewage or night 
soil may be a source of infeetion, but 
a comparison with other sources of in 
fection has never been clearly demon 
strated 

6. Stored nightsoil or sewage sludge 
may contain viable eggs for several 
months, but composting for a sufficient 
period appears to result in a compara 


tively safe, useful product 


7 Very complete sewage treatment 
is necessary to con pletely free the liq 


nid from helminth eves 
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FEDERATION ACTS ON MATERIALS ALLOCATION 


Steps leading to recognition of the 
urgency of water resources conserva- 
tion through abatement of pollution by 
municipal and industrial wastes dis- 
charges were taken by the Board of 
Control at its meeting on October 12, 
1950, in conjunction with the Annual 
Meeting of the Federation. Foremost 
among the actions in this respect was 
passage of a resolution for presenta- 
tion to the Congress and national de- 
fense agencies urging that construction 
and operation of all facilities contrib- 
iting to pollution control be expedited 
during the present emergency by: 


Allocating, or otherwise insur- 
ing by proper priority designation, the 
availability of sufficient materials and 
quipment so that municipalities and 
industries will not be hindered in 
building necessary sewage and indus- 


trial waste treatment systems or in op- 
erating or maintaining existing facili- 
ties. 

**2. Appointment of a qualified rep- 
resentative in the sewage and indus- 
trial wastes field to advise the Na- 
tional Securities Resources Board, the 
National Production Authority, or 
other responsible agency in respect. to 
such allocations.”’ 


The salient points of the resolution, 
drawn up by a special committee of 
the Board, are called to the attention 
of interested parties in the hope that 
individual and organizational support 
will be enlisted in furtherance of the 
aims outlined, through written and 
personal contact with Congressional 
representatives and allocation and de- 
fense authorities. 
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USE OF FINAL SETTLING TANKS WITH STANDARD- 
RATE TRICKLING FILTERS 


By JOUN R 
Environme ntal He ith Cente 


Introduction 


Since 1939, the Public Health Serv- 
ice through the Environmental Health 
Center at Cincinnati, Ohio, has cor 
ducted an ‘‘Inventory of Water and 
United 


This tabulation of basic data 


sewage Facilities in the 
States.’ 
is carried out in cooperation with the 
sanitary engineering divisions of the 
various state health departments; its 
success is due to the excellent coopera 
tion of these organizations. 

As part of the Inventory, statistical 
summaries of sewage works practice 
are prepared; recent ones include a 

ral summary of sewage works 
practice (1), and a report on sewage 


chlorination practice (2) 


Data Included 


Standard-rate trickling filters are 
represented in more secondary treat 
ment plants than any other single 
process; being used in more than 50 
per cent of all secondary treatment 

lhe importance of this method 
al treatment is evident both 
standpoint of numbers cur 
ise and those presently being 


based on the 1948 edi 
Inventory (unpublished 
at presently exists as re 
ise of final sedimentation 
standard-rate trieklin 
loes not show present pra 
ew plants, which is deter 
nstances by the vari 
authorities 
information Is presented 


II, and III, each of whieh 


number of plants and the 


r, l S, Publ Health Ser 


THOMAN 


nnati, Ohio 


estimated population served for stand 
ard-rate trickling filters with and with 
out final settling tanks. Table I pre 
sents these data by states; Table IT, by 
population groups based on the 1940 


census population of the community in 
which they are located; and Table III, 


by geographical areas as used by the 


Census Bureau. In a few eases, filters 
are followed by some other secondary 
process than a final settling tank ; these 
are covered by footnotes to Table | 
In other cases, the trickling filter is not 
the only secondary process represented 
in the plant; however, these situations 
are few in number and have not been 
noted, as in practically all instances 
the filter is followed by a settling tank 


Discussion 


Data presented in the foregoing ta 
bles show that 34.3 per cent of the 
standard-rate trickling filter plants are 


not equipped with final settling tanks 
These same plants serve about 20 per 
cent of the population connected to 
trickling filters. 


Recently tabulated information (3 


indicates that there were 6.058 sewage 
treatment plants in the United States 
in 1948, of which 2,917 were classified 
as secondary. These secondary treat 
ment plants served a total of 22,700,000 
Trickling filters were used in 
1517 plants serving almost 9,100,000 
peopl “rom these data it ean be 


persons 


ickling filter plants with- 

tanks comprise about 18 per 

» secondary treatment plants 

States, and serve about 

of the population connected 
reatment 


lave the larg- 


: 
Pag: 
: 
a 
sanitary Hugiueer, 
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TABLE I.—-Number of Trickling Filter Plants 
with and without Final Settling Tanks and 
Estimated Population Served, by States 


Standard-Rate Trickling Filter 
Plants Having 


Final Settling | No Final Settling 
State Tanks | Panks 
Nurnbe Number 
f Plants) of Plants 
Alabama i 19.800 4 
Arizona 16.000 2 6,800 
Arkansas 1 38,000) 6 12,230 
California 21 189,800) 27 | 62,460 
( 1 1.600) s 33,820 
Connecticut 2 26,000 
Delaware 5 12,005! 
in 2 4,750 | 
Georgia 18 178,800 18 40,370 
Idaho 2 15,000 1 | 1,000 
Illinois 119 312,815) 20,670 
Indiana 183,396) 6 | 10,000 
lowa 90 } 472,810) 48) 81.140 
Kansas 78 | 201,990) 7? 5.680 
Kentucky «114,915 7 7,480 
Louisiana 7 28,800) 17 53,500 
Maryland 10 =|) 872,450 ! 700 
Massachusetts 1! |} 391,400) 
Michigan s | 246,520 88S 
Minnesota 75 | 183,905) 1 900 
Mis : 1 | 12.000} 6 | 22,900 
M 50 | «145,080, 26 | 37,505 
Nebraska 17 | 21,230) 26 111,490 
New Hamspt 2,500 
New Jersey 203 560) 20,475 
New Mexico \ 36,800) 12 75,150 
New York 44 178,250 8 100,425 
North Carolin 14 } 154,950) i8 | 51,150 
North Dakota 1 15,000) 55,700 
Ohio | 882,600 | 167,4007 
| 
Oklahoma 12 76,870 ais 254,900 
Oregon 12 36,100 1 7,500 
Penr Vania 58 367 490 11° 86,000 
Rhode Island 1 12,000 
s h Carolina 7 | 59,000] 13 70,780 
S Dakota 75,950) 10 | 15,520 
Pennessec 29,150) 5 15,900 
26 784,985) S4 341,110 
Virginia 23 54,125 i} 15,270 
Washington ‘ 20,180) 
West Virginia 1 20,100] 1 | 18,500 
Wisconsin 64 251,200} 3 | 4.050 
Wyoming 1,000 
Dota 7,249,650) 520 1,827,470 


2 plants with sand filter following filter 


serve 780 persons. 
* 2 plants with oxidation pond following filter 
serve 1,050 persons. 
1 plant with sand filter following filter 
serve 2,620 persons, 
‘| plant with application to land following 
hiter serves SOO persons. 
‘2 plants with application to land following 
filter serve 3,150 persons, 
4 plants with sand filter following filter 
serve 11,800 persons, 
7 One-half of population served by Cleveland 
Southerly plant assumed as being treated by 
trickling filter portion of plant. 
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TABLE II.—-Number of Trickling Filter Plants 
with and without Final Settling Tanks and 
Estimated Population Served, by 
Community Population Groups 


Standard-Rate Trickling Filter 
‘lunts Having 


Community | 


~ . } Final Settling No Final Set 
Population ‘anks tling Tanks 
Group 
Nun best |} Num 
ber of Pop ber of Pop 
Plants Served Plants Server 
Leas than 500 Ww 17,720 31 19.940 
SOO to 1.000 107 080 a2 60585 
1,000 to 5,000 480 203 522,030 
5,000 to 10,00K 158 845,500 314,010 
10,000 te 25,000 W4 1), 135 33 
25,000 to 50,000 2s 850 800 6 167,390 
50,000 to 100,000 11 605,550 4 | 206,000 
Greater than | 
100,000 17 2,717,100 5 | 208,200 
Total 7,240,650) 520 1,827,470 


est number of trickling filter plants 
without final tanks—1 and 84, respee 
tively. These same states also have the 
largest connected populations. In 16 
states, the number of plants without 
final tanks exceeds or equals those hav 
ing such tanks. However, in only 9 
states does the connected population 
exceed that served by plants with final 
tanks. 

On the basis of population groups, 
the percentages of trickling filter 
plants without final tanks are largest 
in communities of less than 5,000 pop- 
ulation. Approximately 37 per cent 
of the trickling filter plants in these 
groups do not have them. In commn- 
nities of 1,000 to 5,000 population, 
20.7 per cent of the total number of 
secondary plants are trickling filters 
without final tanks. 

In general, the practice of not using 
final tanks with trickling filters is most 
predominant in the southern groups of 
states. In the West South Central 
group, 41.9 per cent of the secondary 


* 1 plant with oxidation pond following filter 
serves 1,000 persons 

*2 plants with sand filter following filter 
serve 1,300 persons. 

05 plants with oxidation pond following 
filter serve 10,190 persons; 1 plant with ap- 
plication to land following filter serves 27,000 


persons. 
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TABLE Ill. Number of Trickling Filter Plants with and without Final Settling Tanks and 


Estimated Population Served, by Geographical Areas 


Standard-Rate Trickling Filter Plants Having 
As Fina) Settling Tanks No Final Settling Tanks 
| 
Number o | Number 
f Ext. Pop. Served N Est. Pop. Served 
New England 17 $31,000 
Midd Atlant 148 839,280 25 206,900 
South Atlantic* 83 1,357,180 62 196,770 
eas th Central 285 2,076,525 35 211,605 
Kast South Central® 38 175,665 22 54,700 
West th Central 332 1,115,965 126 308,025 
West South Central 928 655 198 661,740 
Mounta 8 69,400 24 117,770 
Prac 37 255,080 oN 69,960 
Total 7,249,650 520 1,827,470 
Mi H., Vt Muass., I L., and Conr 
and Pa 
Lh Md., D. ¢ Va., W. Va., N. ¢ Ss. ( Ga., and Fla 
‘Ohio, Ind., Mich., and Wis 
Per \la., and Miss 
lowa, Mo... N. D.. S D.. Nebr ind Kans 
La., Okl ind Tex 
* Mont., Idaho, Wvyo., Col., N. M., Ariz., Utah, and Nev 
*Wash., Ore ind (alt 
plants are of this type; in the East ducted since that time and most of the 
South Central group 25.8 per cent; later dates are complete. Using this 
and in the South Atlantie group, 23.3 assumption, almost 90 per cent of the 
per cent. Considering population, 22.6 trickling filter plants without final 
ver cent of that served by secondary tanks were built prior to 1940. 
treatment in the West South Central On the basis of these data it appears 
rroup is served by this type of plant that the existence of trickling filter 


e presence of over one third of sueh 


ants in two states tends to unduly in 


plants not 
tation 


incorporating final sedimen 


is significant. This knowledge, 


thuence this area comparison, however however, is tempered by the apparent 
Information concerning the construc trend toward the use of final tanks 

tion dates of those trickling filter plants Present criteria of state regulatory 

without final tanks is as follows bodies have not been explored in this 


ne Inventory has been e 


1 


regar 
iene The practice of not using final tanks 
is most predominant in the southern 
1930-1939 167 groups of states, and in communities 
1040-1948 54 of less than 5,000 population. Of per 
Unknow! 66 haps more significance is the division 
Of those plants for which dates are former practice along state lines 
available, about 88 per cent were con- Although in many states it is more or 
structed prior to 1940, It is valid to less equally divided, in those having 
issume that the 66 pl ints of unknown the largest numbers of trickling filter 
mstruct date, were also built prior installations, practice usually is di 


vided quite a} arply 
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Summary cent of such plants do not have final 
tanks. However, they serve only 20 
per cent of the population connected 
to trickling filters. Trickling filter 
plants without final tanks comprise 18 
; : per cent of the secondary treatment 
tanks in connection with standard-rate — pjants in the United States. The prac- 
trickling filters. Tables arranged by tice of not using final tanks predomi- 
states, community population groups, nates in the West South Central group 
and geographical areas show the num- of states, where almost 42 per cent of 
ber of plants and the population con- the secondary treatment plants are of 
nected in each category. Over 34 per — this typ 


Statistical data from the 1948 ‘‘In- 
ventory of Water and Sewage Facili- 
ties in the United States’’ are pre- 
sented showing the use of final settling 
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Sewage Works in the United States.’’ 9, 1128 (Sept., 1950). 
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2. Thoman, J. R., ‘‘Statistical Summary of lie Health Service, Environmental 
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20-YEAR JOURNAL INDEX 


Publication by the Federation of the 20-Year Index to Sewage 
Works Journal puts at the fingertips of all interested persons the 
key to the great fund of technical knowledge contained in the 
first twenty volumes of the Journal, wherein is stored the record 
of the period of greatest progress in the field. For those engaged 
in research, design, operation, maintenance, and administration 
of sewage works, industrial wastes treatment, and pollution abate- 
ment activities it is a necessary informational ‘‘tool.’’ 


Copies of the Index are available from The Garrard Press, 
Champaign, IIL, at $4.50 per copy. 
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Industrial Wastes 


CRITICAL REVIEW OF LITERATURE ON THE 
TOXICITY OF INDUSTRIAL WASTES AND 
THEIR COMPONENTS TO FISH 


I. Alkalies, Acids, and Inorganic Gases 


General Introduction 


with the tox 
their 


omponents to fish is extensive, 


The literature dealing 


itv of industrial wastes and 


wh of it is more misleading than 


tructive Several compreh 


ws and summaries of the litera 


ture have been published. Suter and 
Moore 104) and Belding (7) com 
d much of the available early in 


and a very satisfactory re 
as published by 
he detailed treatise on the toxicology 


Redeke Vi 


fishes by Steinmann (99 based 
hiefly on the findings of European in 
t tors, also is still of considerablk 
nterest for students of this subject 
Helfer adequately summarized 
(ierman literature only The eo pre 
rs compiled by IS 
28) pi by] s the one which Is now 
nit referred te in the 
st \lthough some errors 
t ts have been noted, this 
mit } proved vers helpful 

It hat ¢ ves 

~ tha ~ 


AND MANX 


KATZ 


, Ohio, and Members. C mittee on Research, 


ration f Sewage Works Associations 


The more recent, concise summaries by 
Cole (14) and Southgate (95 
mention The 
eritical 


also de 


serve need for a 


more 


involving careful ap- 


review, 


praisal of methods and conclusions 


through detailed comparative study of 
published data, 


most of the 


original 
has been apparent. Several vears will 


be required for completion of such a 


‘omprehensive review, which has been 
undertaken 
Although a 
sive studies published before the 
1910 (67)(110)(62) are of 


interest and may still have 


number of comprehen 
vear 
historical 

this 
review has been planned as a guide to 
The 


veneral 


value, 


more recent literature only 


earlier material is not, as a 


considered or cited. Publications 


rule, 


more than 25 vears old are summarized 


and discussed fully only if deemed ex 


ceptionally important Reference is 
] to unpublished data 


and manuscripts, m graphed re 


ports limited distribu 


tion, and similar sources of informa 


tion. No attempt has been made, how 
ever, te lleet and to consider fully 
most of tl extensive at d interesting 


material of this nature that mav be 


Inasmuch as its continues 


l i ‘ ssistance of John B. Ower 


j 
| 
| 
‘ Pub Health Service, 
4 
tt n Toricity, Section 1, 
icity 0 
but 1 
| 
| 
‘ t “Tit s of 
tr t ata who did much of the preliminary biblio 
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ready availability to all interested 
workers is uncertain, its value as ref- 
material is limited. Further- 
more, a thorough search for such in- 
formation would be an exceedingly 
difficult undertaking. 

Critical concentrations of toxic waste 
components (that is, minimum concen- 
trations lethal or harmful to fish) have 
been arbitrarily stated, by many au- 
thors, without clearly specifying the 
which these values 
are applicable and valid.* In view of 
the wide disagreement between the 
findings of different investigators, it is 
evident that generalization is 
fundamentally unsound and mislead- 
ing. The minimal harmful concentra- 
tion of a toxic may vary 
greatly, depending on the duration of 
the test, the species and age of the test 
animals, the dissolved mineral content 
of the water used as a solvent or dilu- 
ent, the concentration of other waste 
components having a pronounced syn- 
ergetic or antagonistic effect, the tem- 
perature, and other faetors. No justi- 
fication can be found for ignoring or 
minimizing the influence of these im- 
portant variables. It is intended 
herein to formulate only cautious con- 


erence 


conditions under 


such 


substance 


‘lusions, or generalizations, which ap- 
pear to be in agreement with most of 


the pertinent published data. Safe 
concentration limits of toxie waste com- 
ponents are not definitely prescribed. 

Whether a certain concentration of 
an industrial waste, diluted with the 
water of the receiving stream, is or is 
not demonstrably toxic to local fishes 
can best be determined directly by bio- 
logical test. The practical toxicity bio- 
assay of a complex waste usually is less 
difficult than a complete chemical anal- 
ysis. Also, it can vield information 


Gollmar (34 
56), listed ‘*coneentrations 


to fish’’ of 


For xaniple, citing Keyes 
possibly toxic 
some components of coke and 


gas plant wastes. Some of these values (for 
example, 10 p.p.m. of cyanide) are at least 
10 to well over 100 times greater than con- 
centrations found to be lethal to various fish 


by competent investigators. 
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about the toxicity of a mixture in ques- 
tion which is far more reliable and 
pertinent than that to be found in the 
literature. The published data should 
be regarded chiefly as an aid to the 
understanding and application of bio- 
assay results and of observations made 
in the field. 

Peculiarities of the behavior and ap- 
pearance of fishes affected by toxic 
substances, as well as other symptoms 
of intoxication, have been fully de 
scribed by many investigators. These 
observations have led to much specula 
tion concerning the nature of the lethal 
action of the different poisons. No at- 
tempt is made to summarize and dis 
cuss most of this information. It is of 
interest chiefly to specialists engaged in 
physiological or toxicological research, 
and its practical value is still quite 
uncertain. Some characteristic svmp- 
toms undoubtedly are indicative of 
certain types of poisoning. However, 
expert judgment, based on extensive 
experience, usually is required for re 
liable interpretation and evaluation of 
such evidence. 

The reactions of fish to substances in 
solution also have been studied (938) 
(112) (113) (94) (89) (114) (90) (69) 
(41) (52) (53 These studies have 
shown that, under experimental condi- 
tions, fishes are able to detect and to 
avoid lethal 
toxic pollutants, such as acids and sul 
fides. However, were not re 
pelled, or even were apparently at 
tracted, by lethal 
many other toxie substances, such as 
copper sulfate and ammonia (89) (52) 
(53), 
the reactions of fish to water quality 
differences or gradients under the ex- 
perimental conditions in the labora- 
tory condi- 
tions may not be assumed (22). Never- 
theless, the experimental results show 
how the danger to fish from toxie pol 
lutants can be aggravated in the vicin- 
ity of outfalls, where mixing 
of wastes with available diluting water 


concentrations of some 


fishes 


concentrations of 


Close correspondence between 


and under more natural 


sewer 
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The ability of fish to 
recognize and to avoid all harmful con 


is incomplete 


ditions has been too often baselessly 


taken for granted. Inasmuch as the 
reactions of fish evidently do not re 
liably indicate the relative toxicity of 
pollutants, further consideration of re 
tion tests is deemed outside the scope 
of this review 
alkalies, acids, and inor 
some of which form aque 
which decidedly 
or alkaline) are important con 
many different industrial 


Various 
ranic frases 
ous solutions are 
acidic 
stituents of 
effluents (including mine drainage 
their 


effects on aquatic life is, therefore, of 


An understanding of injurious 


rreat importance, and these substances 


will be considered first. Subsequent 
parts of this review will deal with the 
toxicity of inorganic salts and other 
norganie substances, organic waste 


onstituents, and various types of com 
ry] Most of the 


ex industrial wastes 


ery weak organic acids 


such as the various tar aeids (phenol 
will be considered later, 


with 


esols, ete 


other organic com 


The 


subs 


injurious action of some of these 
ances on fish is largely or wholly 
external, and 


toxic 


is not regarded by some 


action (28 However 
the distinction external 
and the internal toxie action of 

es penetrating the body of the 


as true 
between such 
action 
star 
fish is not always clear-cut, and is of 


ittle practical import. In this review 


only substances which are injurious 
to fish merely by mechanical action, 
or b Causing depletion of dissolved 


xvven in the water and consequent 


suffocation eonsidered under 


are not 


the heading of toxie substances All 
other directly injurious substances ar 
so considered 
Strong Alkalies 
resistance of various fresh-wate! 
shes to strone alkalies that is. si 


lium, potassium, and caleium hydrox 


listilled and natural waters 


tes in 
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has been studied by many investiga 


tors (13) (112) (81) (82) (80) (97) (20) 
21) (7) (58) (24) (57) (108). Inasmuch 
as the pH of the experimental solu- 
tions was not stated and regulated, the 
results of most of these studies are of 
limited value. The initial pH, and con 
sequently, the toxicity of solutions pre 
pared with natural water depend on 
the dissolved mineral content and buf 
fering capacity of the water, as well as 
on the amount of alkali added. Some 
of the have brief 
duration (for example, only 1 hr.) that 


tests been of such 
the results are of questionable signifi 
cance. In the pro 
longed tests, the alkaline solutions may 
have been quite rapidly neutralized by 


eourse of more 


respiratory carbon dioxide produced 
by the test animals, and otherwise, so 
that 
may not 
of the 
have been reported to be the lowest 
that were lethal to trout and other 
fresh-water fishes, in about 1 to 24 hr., 
in distilled and moderately buffered 
range from 0.0005 N to 
Higher minimal lethal con 
hard 


constancy of their composition 
Concentrations 


which 


be assumed 


various strong alkalies, 


natural waters 
0.0095 N. 
centrations in waters have been 
recorded 

Some investigators 
fatal effects of slight 


even neutrality, of certain waters on 


have 


alkalinity, and 


reported 


the embryos and fry of trout and yel 
low perch (44), whitefish 
and also fully developed fresh-water 
112 
action of these waters was said to be 
the 
dioxide, or 


larvae (41 


fishes The injurious or toxic 


counteracted by introduction of 


enough carbon stronger! 


acids, to produce a slightly acid reae 


tion The nature and the presentation 
of the data are such that the signifi 
ecanee of the results is somewhat ob 


seure, and the conclusions cannot be 


accepted without question. The possi 
bility that some unknown lethal agents 
the action of which varied with the pH 
of the wate 


I ved 
out 


r. were responsible for the 
entirely 
Shelford 


mortality not 


According to 


WHS 


: 
be 
: 
; 
3 
Bree 
i 
er 
tovether 
A 
‘ 
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92), Wells’ (112) eriterion of neu- 
trality was erroneous. Hopkins (44) 
found that trout 4 to 6 months old 
survived well in alkaline water of pH 
7.9 to 8.9 (treated Baltimore city wa- 
ter supply), whereas eggs and fry of 
trout and perch did not survive at pH 
values even in the neighborhood of 8.0. 
The young perch survived, however, 
when the pH was experimentally low- 
ered to 6.7 by the addition of carbon 
dioxide. Hopkins concluded that the 
presence of free carbon dioxide is nec- 
essary for survival. 

The occurrence of thriving popula- 
tions of fresh-water fishes, including 
trout (18)(16), in waters which are 
normally decidedly alkaline well- 
known. Experimental data showing 
survival and normal development of 
rainbow trout embryos in very hard, 
alkaline water without free CO, have 
reported by Surber (105).4 
Nevertheless, it should be borne in 
mind that the pH and carbon dioxide 
tension requirements of embryonic and 
larval fish may differ markedly from 
those of the fully developed young and 
adults. Results of experimental studies 
of the tolerance of the older fish, which 
are reviewed here, and the conclusions 
drawn therefrom, certainly are not 
necessarily applicable to all stages of 
the life evele of the species studied. 
The need for further detailed study 


been 


+The reported average pH value (pH 7.7) 
of this water (having initially an alkalinity 
of about 265 p.p.m. and much free CO,), 
which had been treated with caustie soda, is 
not strietly compatible with the reported free 
CO, content of 0.0 p.p.m. It is probably only 
approximate, but in any event a very low CO, 
tension is not indicated. Surber (unpublished 
manuscript) also found that the water before 
treatment (pH 7.1) was unfavorable for the 
incubation of brook trout eggs. The addition 
of enough caustic soda to remove only part 
of the free CO, made the treated water (pH 
7.4 to 7.5; free CO, over 10 p.p.n.) even 
more injurious, The cause of the injury is 
unknown, but may be related to the extreme 
hardness of the water. Some successful trout 
been supplied with water 


hatcheries have 


containing much less free CO, and with re 
eorded pH well above 7.5. 
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of optimal conditions for development 
is indicated. 

Wiebe (116)(117), experimenting 
with several pond fishes, found that 
they usually withstood rapid changes 
of pH within the range of pl 6.0 to 
9.6. Some mortality was observed (for 
example, of fish which had been ex- 
posed to NaOH solutions with pli 
above 9.0), but its significance is un- 
certain, as the results of the varied, 
prolonged, and somewhat random tests 
apparently were not all checked suf 
ficiently. Stiemke and Eckenfelder 
(98) reported that the average death 
point for bluegill sunfish in distilled 
water to which sodium hydroxide was 
added at 4-hr. intervals in order to 
raise the pH gradually, was at pH 
10.55. Bandt (5)(6) studied the sur- 
vival of several species of fish in water 
with high pH produced and main- 
tained for long periods by keeping the 
water in contact with blocks of fresh 
conerete. He concluded that the mini 
mum lethal pH values were 9.2 for 
trout and perch, and 10.4 to 10.8 for 
roach, pike, carp, and tench. Having 
considered the role of the 
various dissolved substances known to 
be present, Bandt decided that the ob- 
served toxicity of the water could be 
attributed only to the high pII caused 
by alkaline components leached from 
the fresh cement. 

Powers (71) also attributed rapid 
mortality of trout placed in soft water 
in a concrete hatchery pool to alkali 
leached from the cement. He con- 
cluded, however, that the death was 
caused not by excessive alkalinity or 
pH of the water (maximum recorded 
pH 7.69), but by ‘‘free alkatinity”’ 
or by abnormally low carbon dioxide 
tension (minimum about 0.06 mm 
He) to which the fish had been sud- 
denly subjected 


possible 


Other possibilities, 
or factors, apparently were overlooked, 
or were not explored adequately. The 
fish had just been transported from an- 
other hatchery, and the soft water, 
supplied through galvanized steel pipe, 


|. 
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have been contami 


Powers 


te ssively with zine 
onelusio} not having been verified 
through properly controlled experi 
nents, tl liditv is doubtful 

It is noteworthy that the survival of 
trout at pli alues well above 9.2 has 
been reported Eicher (27) observes 


but not all trout in 


of the 


mortality of man‘ 


ke where the pH 


| water Was 
aid t ha been above 10.2 The 
high pil which was aseribed to natura 
! i rrowth of aquatic veue 
tation was believed to have been th: 
cause of the mortality Eicher also 


survived in a strean 
rose to 9.4, al 
this author, the 


stuted that trout 


where the pil value 
} } ording to 


+ 


observed pll was ‘‘easily enough to 
fresh from neutral 


hatcher water.”’ No expe rimental 


aata ere presented however, to es 
tablish the aliditv of the latter asser 
ion and conelusions 

Powers (70)(73) and Wiebe ef al 


ved that at high pH 


obabis could be tolerated in 
otherwise favorable 


ability of 


definitely under 


some marine 


ind frest iter fishes to utilize oxvgen 
and to survive at low oxvgen tensions 
iS dl 
Sanborn (85 yp rformed some of the 
most satisfactory experiments designed 


fresh-wat: 
TI e tests 


pre lonved duration. and the pul values 


o test the resistanee of 


were 


ities 


of tl experime ntal solutions were kept 
onstant during some of the tests 
This was accomplished by means of 
nstant-flow apparatus whereby thi 
lutions in the experimental aquaria 


The water 


tap-wat 


vere renewed continually 
used as diluent was 


64 to SO p.p.m. tota 
| 


hardnes f which 28 to 36 p.p.m. was 
noncarbonate hardness with initial 
pli of 7.2 to 7.6. Unfortunately, onl 
tw S} mens of each species tested 
xposed to each of the experime? 

tal ! nirat ns of the chen ils 
studied, and the method used for de 

termining pH was not stated 
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Car 


In these tests, young goldfish 


large-mouth bass (M 
bluegill 


were 


assius auratus 


cropterus salmoides and 


sunfish Lepomis macrochirus 


used. The 


fected afte 


se fishes were not \ isibly af 
remaining for 7 days in 
which 50 


hydroxide or 


flowing water to 


p.p.m. of 
caleium 


either sodium 
hvdroxide had been added, raising the 
plt to 10.4 and 10.5 respectively All 
of these fishes succumbed in 2 to 5 br., 


however, at pH aE 
100 


produced by the 
p.p.m. of calcium hy- 
water. Goldfish died 
at a constant pH of 


addition of 


addition of 
lroxide to the 


also in to BO hr 


10.9, resulting from the 


of sodium hydroxide. Bass 
not subjected to the 
However, bass died within 


10 hr. in a standing 


100 p.p.m 

and sunfish were 
latter test 
solution prepared 
100 


with sodium hydroxide 


the pH 


p.p.m 


value of whieh was initially 


10.9 and deereased vradually during 
the teet 

Sanborn also performed tests with 
continually renewed solutions of so 


dium carbonate Solutions of pH 9.7, 
10.1, and 10.6 were prepared by the 
addition of TOO, 200, and 500 


Na,CO.,, to the tap water 


p.p.m 
Survival for 
without ay injury 
observed with goldfish at pT 10.6, with 
bluegill sunfish at pH 10.1, and with 
bass at pII 9.7. The 

fish and bass succumbed within 11 hr 
at pH 10.6, and the bass succumbed at 
pH 10.1 $5 davs. These data 
ite that water of high pH due to 


hvdrolvsis of 


i days apparent was 


large-mouth sun 


within 
added carbonate is at 
which has 


alkaline bv the ad 


least as harmful as water 
equally 
hvdroxice 


Having re 


lusion is dra 


tion of 
viewed the published data 
wn that fullv de 
ean with- 
high as 9.0 for 


water fishes 


least as 


long periods. Much higher pH, well 
ibove 10.0, also can be tolerated by the 
more resistant species in the absence 


No eon 


if other harmful conditions 


neing evidence has been found that 
equally alkaline solutions of different 
strong alkalies commonly occurring in 


could conceivably | 
) 
: 
f 
st 
| 
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industrial effluents differ markedly in 
their toxicity. Such differences pre- 
sumably could result, under some con- 
ditions, from peculiar physiological ac- 
tion of the cations involved (for ex- 
ample, toxic action of potassium ions). 
Apparently, the influence of the cat- 
ions ordinarily is of minor impor- 
tance, Therefore, the in- 
ereased hydroxyl ion concentration of 
water contaminated only with the com- 
mon strong alkalies is the factor chiefly 
to be considered when judging the pos- 
sibility of damage to fish. The sub- 
normal carbon dioxide tensions asso- 
ciated with abnormally high pH values 
also may be important, but their in- 
fluence is still uncertain. Further 
studies are needed to determine 
whether or not the CO, tension is ever 
a more reliable index of harmful pollu- 
tion with alkalies than the pH value. 


however. 


Ammonia and Ammonium Hydroxide 


Numerous studies of the toxicity of 
dissolved ammonia, or ammonium hy- 
droxide, to fish (13) ( 
(100) (7) (58) (50) (63) (28) (88) (98) 
have yielded varying results. The 
lowest lethal concentrations reported 
by different investigators were in sey- 
eral instances between 2 and 7 p.p.m. 
as NH,, and ranged upward to well 
over 20 p.p.m., although usually they 
did not exceed this value. Obviously, 
the pronounced toxicity of the very 
dilute solutions of this weak base is 
not attributable to the alkaline 
tion alone. 


89) (81) (82) 


reac- 
Ilowever, it has long been known, 
also, that the base is much more harm- 
ful than ammonium salts in the same 
water, and that its toxicity can be re- 
duced or eliminated by the addition of 
acids (13) (89) (82 Several investi- 
gators have noted that the toxicity of 
ammonium salts, such as the chloride 
and sulfate, varies with the hardness or 
the bicarbonate content of the water, 
being considerably greater in alkaline 
tap water than in distilled water (113) 


(91) (35 For example, Grindley 
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(35) found that rainbow trout were 
affected more rapidly in a solution of 
ammonium chloride prepared with al- 
kaline tap water and having an am- 
monium content of 75 p.p.m. as NH 
(initial pli 7.8), than in a solution 
prepared with distilled water and hav- 
ing an ammonium content of 3,000 
p.p.m. as NII, (initial pH] 54). The 
average time until the fish 
lost equilibrium at different conecen- 
trations of the salt in varying mix- 
tures of distilled and tap water were 
determined and plotted, clearly illus- 
trating the above relationship. It is 
therefore, that there 
is very wide disagreement between the 
results of investigators who have stud 


intervals 


not surprising, 


ied the toxicity of ammonium salts to 
different (13) (1138) 
63)(28). Coneentrations of 
NH,Cl, (NH,).SO, and rang 
ing from less than 0.001 N to more 
than 0.05 N have been reported to be 
near the limits of tolerance of the fishes 


fishes in 
(68) (89) 


waters 


under various experimertal conditions 

McKay and Vars (63) compared the 
survival time of bullheads in tap water 
solutions of varying ammonium econ 
tent, prepared with several ammonium 
compounds. When the ammonium con 
centrations of the solutions were ap- 
proximately equal, ammonium carbo 
nate proved much less toxie than am- 
monium hydroxide, but more toxie 
than ammonium acetate and especially 
sulfate and ammonium 
which tend to form acidic 
MeKay and Vars (63), Ellis 
(28), and Grindley (35) observed no 
pronounced difference between the 
toxicities of the sulfate and chloride 
Other investigators obtained 
somewhat different results, which may 


ammonium 
chloride, 
solutions. 


have 


be ascribable to variations of experi- 
mental conditions 

Ellis (28 
ies by Ellis and Chipman, pointed out 
that the toxicity of ammonium com 
pounds depends on the pH of the solu 
tions, increasing with the pH value. 
He found that it “200 per 


, citing unpublished stud 


Increases 


| 
q 


ent or more between pH 7.4 and pH 
4.0.’’ Without detailing the experi 

lence, he stated that the 
lower limit of toxicity was found to be 
near 2.5 p.p.m. of ammonia, and that 
this concentration is harmful even at 
pl 7.4 to 8.5. He reported also that 
2 to 2.5 p.p.m. of ammonia in hard wa 
ter proved fatal to goldfish and perch 
in one to four days. The pH value 
stated When the results of 
toxicity tests are presented, failure to 


mental 


was not 


distinguish clearly between dissolved 
ammonia, or ammonium hydroxide (as 
NH), and the ammonium radical in 
solution (also reported as ammonia 
is somewhat confusing 

Wuhrmann, Zehender, and Woker 
123) discussed and plotted the rela 
tionship between pH and the concen 
tration of non-ionic free ammonia, or 
ammonium hydroxide 
NH,-H,0), in ammonium salt solu 
tions of varying concentration. They 
pointed out that the concentration of 


undissociated 


the non-ionic ammonia, or ammonium 
both with increasing 
concentration of ammonium radical 
and with rising pH value, and that it 
can be derived from the pertinent data 
Experiments were performed with a 


base, increases 


comparatively resistant fish, Squalius 
cephalus. These were exposed to am- 
monium sulfate solutions of varying 
adjusted to different 
pH values between 7.0 and 9.5. The 
exposure time required to produce last- 
equilibrium deter- 
was shown that there was 


eoncentration, 


ing loss of 
mined It 
no obvious and consistent relationship 
between this time and either the total 


immonium content or the pH value 
} 


was 


Instead, the time was evidently de 
theoreti 


non-ionic 


pendent upon the computed 
eal) coneentration of am- 
For ex 
latter concentration 
p.p.m. as NH 
in solutions with over-all ammonium 

10.1, 38.4, and 167 
values of 8.84, 8.16, 


the time to loss 


monia, or ammonium base 
ample, when the 
was between 2 and 3 


concentrations of 
p.p.m. and pH 
and 7.4, 


etively 
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of equilibrium ranged from 330 to 170 
min. When the concentration of non- 
ionic ammonia was increased to 16 to 
24 p.p.m. as NH,, either by increasing 
the ammonium content of the solutions 

without change of pH), or merely by 
raising the pH value, the time was re 
duced to 26 to 27 min. The authors 
expressed the opinion that at pH 7.5 
to 8.0 about 10 to 15 p.p.m. of ammo 
nium radical would be required to pro- 
duce a concentration of the non-ionized 
that would be harmful to the 
more sensitive fishes. 

In a more detailed report, Wuhr- 
mann and Woker (124) tabulated and 
plotted additional data showing the 
relation between the effective exposure 
time and the computed concentration 
of free, molecular ammonia (base) in 
solutions of varying pH and ammo- 
nium sulfate content. They concluded 
that the toxicity threshold, or mini- 
mum acutely toxie concentration of 
the base, at a temperature of 14° C. 
and a dissolved oxygen concentration 
of 9 to 10 p.p.m., is about 1.0 to 1.2 
p.p.m. NH, for adult Squalius. At 
higher concentrations the fish lost the 
ability to maintain their position in a 
current within 6 hr. The correspond- 
ing threshold value for rainbow trout 
fry was estimated to be about 0.3 to 
0.4 p.p.m. NH,, but this conclusion 
was based on somewhat inadequate and 
conflicting experimental evidence. Un- 
fortunately, the evaluation of the 
exact reported concentra- 
tions of molecular ammonia in the test 
solutions was not detailed and ex- 
plained fully. A striking synergy, or 
combined toxie action, of ammonia and 
cyanide in various experimental mix- 
tures was demonstrated. 


base 


seemingly 


Further studies evidently are needed 
to establish more definitely the minimal 
lethal concentration of ammonium hy 
droxide per se for various fish species 
under different conditions. The early 
investigations are not very helpful in 
this connection, because the data re- 


ported are inadequate. Inasmuch as 
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the acute toxicity, at least of solutions 
of ammonium compounds, apparently 
is attributable largely to the undisso- 
ciated base (probably because of its 
distinctive penetrative properties), 
rather than to the ions present, the 
concentration of this component in pol- 
luted waters is of primary importance. 
However, it has not been established 
that ammonium ions have no _pro- 
nounced influence upon chronic tox- 
icity of solutions of ammonia and am- 
monium salts. Furthermore, a high 
concentration of ammonium ions in 
water which is not initially demon- 
strably toxic should be regarded as a 
potential hazard to fish life, if the pH 
may be subject to considerable fluctua- 
tions. Such changes may be due either 
to natural causes or to intermittent 
additional pollution with any alkaline 
wastes. 


Acids 


The occurrence and prolonged sur- 
vival of various fresh-water fishes in 
acid waters with pH values well below 
5.0 has been observed repeatedly (11) 
(49) (28) (23). Dahl (17) observed 80 
per cent mortality of very young trout 
fry in waters acidified with peat to 
pH 47 to 54; 10 per cent at pH 5.1 
to 5.7; and no mortality at pH 5.4 to 
5.9. However, the oceurrence of trout 
in acid bog waters with recorded pH 
values below 4.7 also has been reported 
(64) (16) (95). Sehiperclaus (86) (87) 
noted that carp became diseased in 
acid water at pH 4.8, and tench died 
after two days at pH 4.6; but tench 
and pike lived at pH 4.8. He econ- 
cluded that pH values of 4.8 or lower 
are injurious to fresh-water fishes. 
Dyk (23) found that various fresh- 
water species withstood pH 5.2, and 
succumbed within 24 to 48 hr. at pH 
3.6, but tench survived for 14 days at 
pH 3.6 to 3.8. It is apparently safe to 


conelude that, in general, the acidity 
of waters with pH values above 5.0 can 
be tolerated indefinitely by most fresh- 
water fishes, in the absence of other ad- 
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verse conditions. The suitability of 
waters with pH near 5.0 for successful 
reproduction of the more sensitive 
forms is questionable, but the limits of 
tolerance for fully developed young 
and adults of many species may be 
well below this value. 

Ellis (28) studied experimentally 
the survival of goldfish (Carassius au- 
ratus) in natural (mostly hard) waters 
acidified to various pH values with 
eleven mineral and organic acids found 
in industrial wastes. His tabulated 
data reveal no pronounced or clearly 
significant differences between the min- 
imal lethal hydrogen (hydronium) ion 
concentrations of waters acidified with 
sulfuric, hydrochloric, nitric, lactic, 
citric, oxalic, and tartaric acids. Mor- 
tality was always observed within a 
few hours when the pH values were 
3.4 to 4.0 (or lower), whereas none oc- 
eurred in four days when the pH val- 
ues were 4.5 to 4.9 (or higher). Ellis 
attempted to compare the toxicities of 
these acids, arranging them in order 
of lethality, as indicated by the mini- 
mum pH values, as well as the maxi- 
mum concentrations (parts per million 
added to a given hard water), which 
were tolerated. Judging by the tabu- 
lated data, such a comparison was not 
justifiable, as the number of tests at 
different pH values within the critical 
range appears to have been inadequate. 
Furthermore, some features of the tab- 
ulated data indicate that the values 
compared are not strictly comparable, 
or that considerable experimental er- 
rors were involved. For example, the 
pH values of solutions containing 143 
p.p.m. of sulfuric acid (0.0029 N) and 
200 p.p.m. of nitrie acid (0.0032 N), 
prepared with the hard water (pH 
7.8), were said to have been pH 3.5 
and pHI 4.9, respectively. Likewise, a 
169 p.p.m. H.SO, solution (0.0034 N) 
was reported to be more acid than a 
750 p.p.m. HNOs solution (0.0119 N) 
Several other such discrepancies were 
noted. 

The results of Ellis’ tests with acetic, 
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benzoic, chromic, and tannie acids in- 
dicated that moderately hard waters to 
which these substances have been added 
can be decidedly toxie when the pH 
values are above 5.0. Hard water acid 
ified to pi 5.5 with acetic acid 348 


p.p.m.), pH 5.9 with benzoie acid (200 
p.p.m.), pH 6.4 with ehromie acid (200 
p.p.m.), and pH 7.6 with tannie acid 


100 p.p.m proved lethal within 4 
days to some or all of the experimental 
animals All higher concentrations 
tested were invariably lethal, death oc 
‘urring within 6 hr. at pH 4.6 to 6.4 
depending on the acid) and within 20 
hr. at pH 5.0 to 7.3 


the experimental procedures and con 


Unfortunately, 


ditions were not deseribed fully It 
was not stated for example, whether 
liberated carbon dioxide gas was or 
was not removed by aeration from the 
experimental solutions before the in 
troduction of the test animals. Also, 
Ellis did not show how much the pH 
values of the solutions deviated from 
the reported values during the tests 
Some of the solutions were continually 
renewed by means of constant-flow ap 
paratus, but few critical concentrations 
Usually 


the pH values probably were not per 


were tested in this manner 


fectly constant, and variations occur 
ring in standing solutions may have 
been considerable 

Ellis recognized that ‘‘it is futile to 
attempt to designate a given p.p.m 
value as marking the lethal point for 
iny particular acid, as the buffer sub 
stances and dissolved salts of the water 
into which acid waste is poured will 
letermine the amount of free acid or 
vdrogen ions available.’’ He con- 
cluded that ‘‘as far as the hydrogen 
ion coneentration alone is concerned, 
the acidity near the magnitude of pH 
1.0, regardless of the acid or acid-salt 
combination producing this acidity, 
will be lethal to fresh-water fishes if 


that concer tion of acidity be main 


tained In concentrations less acid 
than pH 4.0, the penetrative proper- 


ties and the lethality of the kation of 
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the acid must be considered, for it may 
be seen that at any given pH the rela- 
tive lethality varies with the particular 
acid involved.’’ Evidently here, and 
throughout his discussion, Ellis meant 
to say ‘‘anion’’ instead of ‘‘kation.’’ 
With this correction, the above conclu- 
sion appears to be more or less valid. 
Ellis’ discussion of the nature of the 
lethal action of different acids is inter- 
esting, but some of the statements may 
be somewhat misleading, and are not 
supported by any experimental evi- 
dence. Probably too much emphasis is 
placed upon the role of different ions 
involved, minimizing the important 
role of undissociated acid molecules in 
solutions of weak acids. The impor- 
tance of coagulation of mucus and cell 
proteins of the gill membranes and re- 
sulting interference with respiratory 
exchanges, as a cause of death in acid 
waters, perhaps is overemphasized. 
This explanation of the lethal action of 
dilute (that is, not rapidly lethal) solu 
tions of strong acids (for example, at 
pH near 4.0) needs verification. 
Westfall (115) reported some inter- 
esting results bearing on this problem 
Tap water acidified to pH 2.6 with sul- 
furie acid and aerated to remove lib 
erated CO. caused the formation of 
coagulation film on the gills of goldfish. 
The duration of their survival varied 
with the dissolved oxygen content of 
the water. These observations indicate 
that ‘‘eoagulation film anoxia’’ may 
have been at least partly responsible 
for the rapid mortality of the fish un 
der the conditions of the experiment 
very low pH value), as suggested by 
Ellis. Corresponding effects were not 
observed, however, when lactic acid, in 
a solution of plII 4.0, was the lethal 
agent. Its lethal action was attributed 
to internal effects (‘‘acidemia’’ 
It is noteworthy that other authors 
92) (119) (107 


haps erroneously) an observed decrease 


have attributed per- 


in the ability of fish to extract oxygen 
at low O» tensions in acidified water to 


increased hydrogen ion coneentrations 
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of the medium, At the moderate pH 
values involved, coagulation film for- 
mation certainly could not have been 
a factor. However, in the absence of 
adequate information or of sufficiently 
convincing evidence to the contrary, it 
appears that increased carbon dioxide 
tension, and not lowered pH, may ac- 
tually have been the factor chiefly re- 
sponsible for the effects observed by 
these investigators. 

Stiemke and Eckenfelder (98) stud- 
ied the survival of bluegill sunfish at 
progressively increasing concentrations 
of various mineral and organic acids 
in distilled water. The pH value of 
the solutions decreased, usually, by 
only a few tenths of a pH unit at regu- 
lar intervals. With all of the acids 
tested—namely, hydrochloric, nitrie, 
sulfuric, phosphoric, acetic, propionic, 
and lactic acids—the reported average 
death points (based on 0.5 hr. dosing 
intervals, or exposure periods) were at 
pH values below 4.0. They ranged 
from pH 3.11 to 3.22 for the four min- 
eral acids, and from pH 3.47 to 3.89 
for the organic acids. Sulfurie and 
acetic acid solutions of pH 3.65 and 
3.90, respectively, were tolerated for 
24 hr. in early tests (in winter). 
Death points based on 4-hr. dosing in- 
tervals, obtained in experiments per- 
formed later (in spring), were pH 3.7 
to 3.8 for sulfuric, hydrochloric, and 
nitric acids, and pH 3.95 to 4.04 for 
acetic and propionic acids. Mixtures 
of different acids also were tested. 

On the basis of the experimental re- 
sults, the authors formulated and dis- 
cussed at length an admittedly purely 
empirical mathematical relationship.° 
5 (pH) (log C)"= Ng, in which C is the 
concentration of the acid expressed as p.p.m. 
CaCO,; n is a constant depending on the type 
of acid, equal to (1+ a) for most acids, 
where a is the degree of ionization; and Ny, 
is Eeckenfelder’s number. It was observed 
that the value of Ny, was close to 7.4 at the 
death point for all the acids tested. Values 
above 8.4 were said to indicate lethal eondi- 
tions, while those between 8.4 and 6.2 were 
said to represent conditions under which sur- 
vival is doubtful. 
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Thereby, it was claimed, ‘‘it is possible 
to predict the effect of any concentra- 
tion or resulting pH of an acid indus- 
trial waste on the survival of fish.”’ 
Although realizing that certain ap- 
proximations and assumptions involved 
in the development and application of 
their method may be subject to basic 
criticism, the authors believed that it 
has 1erit from a practical standpoint. 
However, the outstanding feature and 
weakness of their formula is its deriva- 
tion from the results of tests in which 
only distilled water was used as a dilu- 
ent. There is no evidence that its ap- 
plicability to natural stream waters 
had been explored or considered.  In- 
asmuch as there are abundant reasons 
for questioning such applicability, the 
formula appears to have almost no va- 
lidity from a_ practical standpoint. 
(Some computations made by the pres- 
ent authors in attempting to apply the 
suggested criterion to ordinary natural 
waters yielded results which were 
grossly incompatible with actual ob- 
servations of other investigators.) The 
authors admitted that, because of ‘‘the 
toxic nature of some acids, such as hy- 
drocyanie acid, or their poisonous ef- 
fect on fish’’ such acids do not follow 
the proposed criterion without ‘‘appro- 
priate corrections,’’ which were not 
clearly prescribed. They did not ex- 
plain, however, to what kind of action 
they attribute the varying lethality of 
the other acids. Obviously, the au- 
thors’ claim that, by using the theoreti- 
eal curves based on their formula, an 
industry ‘‘can quickly determine the 
maximum reduction of pH that can be 
tolerated in a stream by discharge of 
an acid waste without harmful effects 
on fish’’ is unjustified and likely to be 
misleading. However, the experimen- 
tal data presented have some theoreti- 
cal value. 

Carpenter (12) reported that the 
minnow Leuciscus phorinus was killed 
in 7 hr. in distilled water acidified with 
nitrie acid to pH 4.4 and in 27.5 to 28 
hr. when the pH was 5.0, but was un- 
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affected after more than 3 days when 


the pH was 5.2 Jones 51) deter 
mined the survival time to sticklebacks 
((rasterosteus aculeatus) in hydrochlo 
ric acid solutions of varying pH, pre- 
pared wit 
of high 


daily He 


1 a very soft natural water 
purity and twice 


found that the average sur- 


renewed 


vival time increased progressively from 
65 min, at pH 2.8, to 20 hr. at pH 4.2, 
».5 days at pH 4.8, and 9 days at pH 
5.0. The average survival time at pH 
00 did not differ significantly from 
that of controls 


the av erage 


Jones also found that 
survival time of the fish in 
different solutions of ferric chloride 
FeCl,) did not differ from that in 
HC! solutions with the same pHi value 
He concluded that the toxicity of fer 
ric chloride solutions is mainly, if not 


entirely, due to their acidity A simi 
lar result was obtained with ferrous 
sulfate (FeSO,), but not with alumi 
num nitrate and chromium sulfate, 


the solutions of which were much more 
toxic than HC] solutions of correspond 
ine pil 


or their cations 


Although salts of this nature 
are in a sense acids, 
other studies of the toxicity of these 
will be later, to 
gether with studies of other inorganic 


substances reviewed 
salts 
Duval (37 


the survival of sticklebacks 


Guelvard and studied 


Grasteros 
teus aculeetus) in solutions of varying 
pH, prepared by adding acids to 0.02 


solutTLONS 


’ their sodium salts (used 
as buffers and claimed to be harmless 
distilled The sur 
vival time varied with the pH value 


to fish in water 


and with the nature of the acid tested 


For example, death in solutions con- 


taining phosphoric, lactic, acetic, and 
propionic acids oceurred after 14 to 17 
min. at pH 2.2, 3.2, 4.4, and 4.6 and 
at pH 4.0, 4.4, 5.4, 


Because of the na 


after 7 to 8 hr 


and 
respectively 
ture of the test solutions, the practical 


results is limited. Ma 


value of these 


eovski and Macovski 61 have pre 


sented a eoretical discussi n of these 


data Gauze and Smaragdova (33 
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found that optical isomers of tartaric 
and malic acids in distilled water dif- 
fered in their toxicity to various fresh- 
water fishes, although no difference of 
the pH of the solutions of the isomers 
was detectable when their concentra. 
tions were equal 

Shelford (90) reported that flowing 
(that is, continually renewed) sea wa- 
ter acidified to pH 6.85 with sulfuric 
acid (39 p.p.m fatal to young 
herring, Clupea pallasii, after 8 hr. 
Sea water acidified with only 2.3 to 
3.7 p.p.m. of sulfurous acid to pH 7.25 
to 7.6 was reported to be lethal to the 
herring in 1 hr. There 
dence, however, of serious inaccuracy 
The pi value of 
sea water said to contain only 3.5 to 
3.7 p.p.m. 
metrie titration 


was 


is some evi- 
of the observations. 


(determined by iodi- 
was reported to be as 
low as the pH of the same water acidi- 
fied with 30 p.p.m. H.SO, (that is, pH 
7.25, determined colorimetrically). The 
small amount of H»SOx, said to have 
been added evidently cannot account 
for the observed depression of the pH 
value (initially about 8.0). Calcium 
sulfite and caleium acid sulfite 
stated to be nearly as toxie as sulfurous 
avid in flowing water, and even more 
toxic than the acid in standing soln- 
tions. Details of the experiments with 
Very lit- 
undis- 
been 


were 


the salts were not reported. 

tle free SOs or sulfurous acid 
actually could have 
present in the solutions prepared with 
H.SO; at the high pH values recorded. 
Observed changes of the toxicity of 


sociated 


standing solutions, which were attrib 
uted by the author to escape of SOQ. 
gas, may have been due chiefly to oxi- 
dation of Shelford reported 
that viviparous perch, Cymatogaster 
aggregatus, were killed in 5 hr. in flow- 
ing sea water acidified with 65 p.p.m. 
H.SO, to pH 6.3, whereas as little as 
3.9 to 4.2 p.p.m. HeSOsg proved lethal 
Shr. The flatfish Psettichthys was 
much more resistant to both of these 
a ids 


sulfites 


in 3 


The above results indicate great 
sensitivity of some marine fishes to re- 
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pH or to increased carbon diox- 
ide tension of acidified sea water. They 
also indicate pronounced specific tox- 
icity of sulfurous acid and its salts to 
these fishes, even in somewhat alkaline 
solutions. 

Shelford (89) also reported that 16 
to 19 p.p.m. of SO, gas dissolved in 
tap water was the concentration re- 
quired to kill small sunfish, Lepomis 
humilis, in 1 hr. The pH of the solu- 
tions and the exact composition of the 
water were not stated, but since the 
water was said to be of high carbonate 
hardness, the observed mortality prob- 
ably was not due merely to acidity of 
the test solutions. The findings of some 
earlier investigators also indicate pro- 
nounced toxicity of sulfur dioxide, or 
sulfurous acid and its salts, to trout 
and other fresh-water fishes. To what 
extent the toxicity varies with the pH 
value of the solutions is not clear, but 
there are indications that this factor 
may be important. Ellis (28), using 
constant-flow apparatus, found that, at 
pH 7.6, 1,000 p.p.m. of sodium sulfite 
(NaSQOz;) in hard water killed all gold- 
fish in 3 to 72 hr.; 100 p.p.m. killed 
some goldfish in 96 hr.; and 10 p.p.m. 
had no effect. The data do not indicate 
great toxicity of sulfite ions. These re- 
sults, as well as some similar observa- 
tions of our own (unpublished), in- 
cluding results of exploratory tests 
with different fish and varying pH val- 
ues, are not easily reconciled with some 
of the earlier pertinent data mentioned 
above. The need for further investi- 
gation is evident. 

Brinley (10) and others, as well as 
Wuhrmann and Woker (124), who re- 
ported instructive experiments with 
fish, have claimed that the toxicity of 
solutions of cyanides may be ascribed 
chiefly to the toxie action of undissoci- 
ated hydrocyanie acid (HCN), decreas- 
ing when the pH value is raised. How- 
ever, Southgate (95) observed no influ- 
ence of variations of pH between 6.0 
and 8.5 on the toxicity of cyanide solu- 
tions to trout. Cyanide concentrations 
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as low as 0.05 to 0.2 p.p.m. have been 
shown to be lethal to some fresh-water 
fishes in waters of normal pH (96) 
(54) (28). Hydrocyanie acid obviously 
is extremely toxic. Inasmuch as the 
numerous experiments on the toxicity 
of cyanides to fish usually have in- 
volved the use of salts (such as KCN), 
rather than the acid, they will not be 
considered further at this time. 

Wurtz (125) studied the toxicity of 
boric acid to several fishes and found it 
to be slight, extremely high concentra- 
tions of this very weak acid being re- 
quired to produce rapid mortality. In 
a 6,250-p.p.m. solution a rudd and a 
roach were dead after 18 hr. and 46 
hr., respectively. In a 2 per cent solu- 
tion, at pH 6.2, a rainbow trout was 
overcome, but not killed, within 30 min. 

Strell (102) compared the toxicity 
of hydrofluoric and hydrochlorie acids 
to trout, and concluded that the for- 
mer acid is about twice as toxic as the 
latter. This difference was attributed 
to the toxicity of fluoride ions. How- 
ever, the author’s assertion that solu- 
tions of equal concentration by weight 
of these two acids were also of equal 
‘‘acidity’’ is obviously erroneous. He 
determined the acidity of his prepared 
stock solutions by titration with NaOH, 
using congo red as an indicator. This 
indicator is quite unsuitable for the ti- 
tration of hydrofluoric acid. Actually, 
the experimental concentrations of the 
two acids which were said to be equally 
lethal (that is, 100 mg. HCl and 50 mg. 
HF per liter) presumably were of 
nearly equal normality. Because these 
acids are not equally ionized, the ti- 
tratable acidity has little physiological 
significance or value for comparative 
purposes. The pH values of the test 


solutions, which apparently were pre- , 


pared with a natural water of mod- 
erate hardness, were not recorded or 
considered. 

Strell also found that a solution con- 
taining 5 grams of NaCl per liter of 
distilled water could be tolerated by 
the fish, whereas the same concentra- 
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tion, by weight, of NaF was rapidly 
lethal 


were 


Inasmuch as these solutions 


unnecessarily concentrated and 
were not of equal normality, it appears 
that the difference of their lethality 
may have been attributable possibly to 
How 
found that a consider- 
concentration of + 
1,000 p.p.m.) leth. 
goldfish after 12 to 29 hr. in very so.: 
and after 60 to 102 hr. in hard 
It is concluded that, although 
the presence of fluoride ions may be a 
factor contributing to the toxicity of 


a difference of osmotie pressure. 
Ellis (28 


low er 


ever 
ably 
fluoride was 
water 


water 


hydrofluoric acid solutions, its impor 
has not been 
adequately demonstrated by Strell’s ex 


tance in this connection 
periments 

The pH of test solutions not having 
been recorded, the results of numerous 
other investigations of the toxicity of 
mineral and organie acids likewise are 
of limited Some of 
summarized briefly below. 


value these are 


King 57) studied the resistance of 
different species of trout to hydrochlo- 
ric acid and other lethal (for 
example, NaOH and CO, The low 
est concentration of HCl at which all 
the species were definitely and rapidly 
affected, dying within 1 hr., 
to have been 0.00] N, 
of the 
probably IS 


agents 


was said 
King’s estimate 
corresponding pH value (3.0 
too low, as the solutions ap 
were prepared with natural 
water containing bicarbonates. It has 
that trout (but not 
appeared to be somewhat less 


parently 
been reported (65) 
goldfish 
resistant to free sulfurie acid in dis 
tilled water than in acidified hard wa 
liberated CO. 
was believed to be injurious 
had been removed by aeration. 

Duff (3) found that trout 
overcome rapidly in solutions of CO, 
150 ee. per liter) and in 
utions of acetic, butyrie, and 
acids, but affected 
after 1 hr. in such solutions neutralized 
Schaut (88) reported that 


minnows were not affected in 24 hr by 


ter ‘rom which the 
whiel 
Baird 
and were 
for example 
2 N sol 
succeink were not 


with lime 


17 p.p.m. of selenous acid in tap water 
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Belding (7) reported the concentra 
tions of hydrochlorie acid (10 p.p.m.), 
sulfuric acid (6.25 p.p.m.), and nitric 
acid (1.6 p.p.m.) which were lethal to 
brook trout within 24 hr. in natural 
water. These data indicate a pro 
nounced difference of the toxicities of 
chemically equivalent amounts of these 
strong mineral acids. It is not clear. 

vever, whether or not the data are 
strictly Solutions 
taining 6.25 p.p.m. of tannic acid and 
50 p.p.m. of acetic acid also were stated 
to have been lethal to brook trout in 
24 hr. 

Steinmann and Surbeck (101) stud- 
ied the toxicity to trout and other fishes 
of oxalie, acetic, lactic, and tannie acids 
in various waters. Oxalie acid was re 
ported to be the most toxic of these 


comparable. con- 


acids. Because of their short duration 
(usually 1 hr.), the tests were not sat- 
isfactory. Thus, the toxicity of tannic 
acid was found to be relatively slight, 
2,000 p.p.m. having lethal and 
1,000 p.p.m. not lethal to rainbow trout 
in 1 hr. at a temperature of 10° C. It 
is noteworthy that Ellis (28) found 
that 1,000 p.p.m. of tannie acid killed 
goldfish only after an exposure of more 


than 2.5 hr. duration; yet 100 p.p.m. in 


been 


the same water also proved lethal in 

less than 21 hr. 
Roberts and Jee (80 reported that 

perch and roach were more sensitive to 


hydrochloric acid than to sodium hy 
droxide in distilled water. 
idly 
tested for comparative purposes. Rush- 


ton (81) (82 


Only rap- 
injurious concentrations were 
made observations on the 
He reported 
that 200 p.p.m. of chromie acid killed 
Shelford 
(89) determined the concentration of 
acid 
quired to kill small sunfish in 1 hr. in 
tap water 

Wells (112) and Haempel (39) stud- 
ied the resistance of different fishes to 
varying concentrations of sulfurie acid 
in distilled water and in ‘‘neutralized’’ 
tap water, respectively Some of the 
tests were of prolonged duration (that 


toxicity of several acids. 
rainbow trout in about 1 hr 


benzoie 550 to 570 p.p-m.) re 
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is, 1 day or longer). Léger (59) found 
hydrochloric acid to be about ten times 
more toxic to trout and minnows than 
sulfuric acid in distilled water. In 
hard water the observed difference of 
toxicity was much less pronounced. 
These were results of brief (1-hr.) tests 
only, and they are not in accord with 
the results of more recent studies. 
Data presented by Clark and Adams 
(13) indicate that hydrochloric acid 
was more toxie than nitric acid in 
chemically equivalent concentration. 
Tabulation and comparison of the 
data recorded by the above-mentioned 
investigators, shows that the lowest con- 
centrations of HeSO, and HC! reported 
to be lethal to fresh-water fishes within 
1 to 24 hr. in distilled and soft waters 
range from about 0.001 N to about 
0.0001 N. When data obtained with 
hard waters are included, the corre- 
sponding range extends upward to 
0.006 N. With regard to the relative 
toxicity of the strong mineral acids 
(including HNQOs), there is much dis- 
agreement between the published re- 
sults of comparative studies; any defi- 
nite conclusions based on the literature 
evidently would be premature. The 
pH of natural water polluted with any 
one of these acids and with some, but 
not all, of the weak acids probably is 
more significant, however, than the 
amount and kind of acid added. 


Carbon Dioxide 


The extensive literature dealing with 
the effects on fish of dissolved, free car- 
bon dioxide, or carbonie acid, cannot 
be reviewed fully here. Unfortunately, 
very few experiments of prolonged du- 
ration, designed to test the ability of 
fish to withstand high CO. concentra- 
tions for long periods of time, have 
been reported. Concentrations which 
have no pronounced effect very soon 
after a sudden or rapid change prob- 
ably can be tolerated usually for a long 
time, because some adaptation to in- 
creased CO, tension is believed to oc- 
eur (73). For the same reason, mild 
distress and respiraiory abnormalities 
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shown by fish after a rapid increase of 
free CO, should not be regarded as con- 
clusive evidence that a truly harmful 
concentration has been reached, as they 
were by Helfer (43) and others. The 
observed symptoms of intoxication may 
be transitory and attributable merely 
to the excessively rapid change of the 
environment. Nevertheless, CO» ten- 
sions which are not rapidly lethal some- 
times may prove lethal after sufficiently 
prolonged exposure. 

Powers (70) showed that the ability 
of marine fishes to survive and to ex- 
tract oxygen at low oxygen tensions 
was impaired by the addition to the 
water of moderate amounts of carbon 
dioxide, whereby the pH value was re- 
duced. Pruthi (76) criticized Powers’ 
work, and presented results of some- 
what similar experiments with the 
stickleback to show that Powers’ con- 
clusions were erroneous. However, 
Pruthi’s observations had to do only 
with the effects of extremely low pH 
(3.0), which is indicative of the pres- 
ence of an exeess of strong mineral 
acid. Inasmuch as such acidity is 
known to be lethal to sticklebacks at 
any oxygen tension, Pruthi’s data are 
irrelevant, and his criticism of Powers’ 
conelusions is invalid. Pruthi (75) 
himself reported that sticklebacks died 
within 45 min. in water acidified to 
pH 3.0, and within 12 hr. at pH 4.5. 
He also noted that these fish suffered 
no harm at CO. concentrations not ex- 
ceeding 10 to 13 ce. per liter (that is, 
about 20 to 25 p.p.m.). 

Other investigators have reported re- 
sults of experiments similar to those of 
Powers with fresh-water fish (31) (32) 
(46) (42) and with marine fish (84). 
The fish were confined in sealed bottles 
containing water with a high oxygen 
content and various amounts of free 
earbon dioxide. When the fish died, 
presumably by asphyxiation due to 
their inability to utilize more oxygen 
under the existing conditions,® the dis- 


6 This interpretation of the cause of death 
at very rapidly lethal CO, tensions may be 
questioned, however, and needs verification. 
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solved oxygen content and carbon di 
oxide content of the water were deter 
The data were plotted to show 
the relation between the CO, tension 
and the O, tension at the time of death 
Very different curves were obtained 
with different species. Hart (42), hav- 
ing tested ten Florida fresh-water fish 
species, listed the average CO, tensions 
at, which the fish were unable to reduce 
the oxygen tension below 80 mm. of 
mercury (that is, about one-half the 
saturation value), at temperatures be 
tween 12° and 21° C. These values 
(CO, tensions) were 35 mm. of mer- 
eury for the gizzard shad, 50 to 70 mm. 
for three species of the sunfish family 
and the chubsucker, 91 mm. for the 
golden shiner, 125 to 159 mm. for three 
different catfishes, and 195 mm. for the 
eel. Corresponding values for six ma- 
rine species studies by Safford (84) 
ranged from 80 to 290 mm. Hg. The 
COzg tensions at which almost no oxy 
gen could be utilized by the six most 
sensitive fresh-water species tested by 
Hart differed very little from those at 
which the Oy, was reduced to 
80 mm. Hg. 

Early studies of the resistance of 
various fishes to inereasing CQ, ten 
121) (78) (79) also revealed great 
differences between the species. With 
the exception of trout, the fishes were 
said to show pronounced symptoms of 
intoxieation (that is, loss of equilib 
rium, ete.) only at CO, tensions falling 
within the wide range of demonstrably 
harmful values indicated above (that 
is, 35 to 290 mm. Hg). In experiments 
with trout, however, 
(79) observed pronounced distress at 
COs concentrations of 50 to 83 p.p.m., 
or computed COs, tensions of about 17 
to 28 mm. of mereury. Respiratory 
disturbances or abnormalities were first 


mined, 


tension 


sion 


rainbow Reuss 


concentrations about one 
half as great (25 to 32 p.p.m. CQg). 
A strikingly different result was re 
ported by King (57), who stated that 
free CO, concentrations of 200 p.p.m. 
or less had no visible effect whatever 
brook, and rainbow 


observed at 


on brown, trout 
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His data also indicate very little influ- 
ence of free CO, concentrations in the 
neighborhood of 200 p.p.m. upon the 
ability of trout to utilize oxygen at low 
tensions. Although the free CO. de- 
terminations made in connection with 
these particular experiments cannot be 
said to be definitely erroneous, their 
reliability can be reasonably ques- 
tioned. This assertion is based on the 
fact that many serious errors have been 
noted throughout the report. For ex- 
ample half-bound CO, and fixed CO, 
were said to be equivalent to phenol- 
phthalein alkalinity and to methyl or- 
ange alkalinity, respectively. Also, the 
phenolphthalein acidity of a solution 
probably containing uncombined hy- 
drochlorie acid was said to be equiva- 
lent to its free CO, content. <A possi- 
bility that suggests itself is that all the 
free CO, values reported by this author 
(p.p.m. free CO.) may have been ac- 
tually CaCOs, equivalents, or more than 
twice the true values. Even greater 
error may be involved, however. 

Fish (30) found that adult Pacifie 
salmon and steelhead trout turned over 
and sank to the bottom within 90 see. 
after a free COs concentration of 200 
p.p.m. was attained. Like some of the 
early investigators, he emphasized the 
anesthetic or narcotic action of CO, 
on the fish. Gutsell (38) reported that 
a COe concentration of 28 p.p.m. had 
no apparent harmful effect on trout 
after several days, and even 39 p.p.m. 
CO. had no pronounced influence on 
their resistance to oxygen depletion. 

Surber (105) studied the influence 
of high free CO. concentrations on the 
development of trout. He concluded 
that between 55 and 
78.5 p.p.m. in hard water, at pH 6.9 
to 7.0, caused a decided increase of the 
losses of eyed eggs and of the number 
of deformed fry produced. Concentra- 
tions up to 43 p.p.m. apparently had 
no harmful effect. Brook trout finger- 
lings were not noticeably affected by 
51 p.p.m. free CO,. Hall (41) and 
Kelley (55) studied the influence of 
CO. on the development of whitefish 
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and herring, respectively. The em- 
bryos of these fish also tolerated a 
fairly wide range of free CO. concen- 
tration. 

Wells (111) determined the duration 
of survival of seven kinds of fresh- 
water fish (3 minnow species, 1 sucker, 
and 3 species of the sunfish family) in 
flowing, treated water with various 
concentrations of free carbon dioxide 
and dissolved oxygen. When the CO, 
content was 35 to 50 ec. per liter (69 
to 98 p.p.m.) and the oxygen content 
high (8 to 10 ec. per liter), the aver- 
age survival time ranged from 34.5 to 
150 hr. and was less than 4 days for 
all but one species. When the oxygen 
content was lower (2 to 3 ce. per liter), 
the survival time was reduced consider- 
ably, averaging 16.6 to 138 hr. It was 
impossible to find any experimental 
data or other evidence supporting the 
statement made by Wells (114) that 
‘‘at a concentration of 10 ee. per liter 
carbon dioxide will quickly prove fatal 
to the more sensitive fishes.’’ 

Shelford and Powers (94) reported 
that 20 ee. of COs per liter (39 p.p.m.) 
proved fatal to young herring, Clupea 
pallasii, within 160 min. Data _ re- 
ported by Shelford (90) also indicate 
great sensitivity of this and other ma- 
rine species to free CO, liberated in 
sea water by the addition of sulfuric 
acid. 

Powers (72)(74) claimed that mor- 
tality of fish in nature and in hatch- 
eries sometimes is due to ‘‘derange- 
ment’’ caused by exposure alternately 
to higher and lower CO, tensions. Ac- 
cording to this author, ‘‘fish soon be- 
come deranged through compensating 
at short intervals for different CO, 
tensions’’ of water bathing their gills, 
by readjustment of the alkali reserve 
of their blood. This was said to occur, 
for example, when fish come to the sur- 
face repeatedly, from deeper water 
with a relatively high CO, tension, as 
they begin to feed at daybreak. How- 
ever, the above conclusions apparently 
were based only on indirect and con- 
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sequently quite unconvincing evidence. 
They have been disputed by Baker (4), 
who was unable to verify even the 
experimental results cited as evidence 
by Powers. In the absence of more 
direct experimental evidence of the 
lethality of CO, tension fluctuations to 
which fish may be exposed in their 
natural habitat, the validity of Powers’ 
interpretation of his observations must 
be seriously questioned. 

It is concluded that some fish species 
are very resistant to free CO,. How- 
ever, concentrations between 100 and 
200 p.p.m. can be rapidiy lethal to the 
more sensitive fresh-water fishes in the 
presence of dissolved oxygen concen- 
trations which are usually deemed 
quite adequate. Free CO, concentra- 
tions between 100 and 50 p.p.m., or 
even lower, also may be lethal after 
prolonged exposure, or when asso- 
ciated with an abnormally low, though 
not ordinarily lethal, oxygen tension. 
They can also prevent normal devel- 
opment of the young. Some delicate 
marine species, such as herring, ap- 
parently are more susceptible than 
most of the fresh-water species. Al- 
though few investigators have reported 
the pH values of the experimental CO, 
solutions, there is sufficient evidence 
that the lethality of such solutions is 
not due to their acidity. It ean be 
readily shown by computation that CO, 
tensions which have been found to be 
lethal to sensitive fresh-water fish 
would be associated with pH values 
above 5.0 in most natural waters. It 
ean be shown, likewise, that harmful 
quantities of free CO, can be liberated 
from the combined state (bicarbo- 
nates) in sufficiently hard fresh waters 
by the addition of acids, without re- 
ducing the pH to a value as low as 5.0. 
These conclusions have been confirmed 
by experimental results (unpublished) 
obtained in our laboratory. Care 
should be taken, therefore, to distin- 
guish between the toxic effects of added 
acids or their salts and the effects of 
liberated CO,, which is readily re- 
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is its ability 


aeration (65). 


portant property of CO 


movable by im- 


to penetrate very readily into living 
tissues, where its effects may be related 
to its acidic nature, but are largely 
independent of the pH ef the external 


medium (47) (48 


Chlorine and Cyanogen Chloride 


The extreme toxicity to fish of free 


chlorine, or of hypochlorous acid, has 


long been recognized (120 Taylor 
and James (106) reported that 0.5 
p.p.m. of free chlorine killed rainbow 
trout in 2 hr., and that 0.25 p.p.m 


proved fatal to fingerling trout in 4 
to 5 hr., but had no effect on goldfish 
in 42 hr. It has been reported also 
more recently (109) that free chlorine 
above 0.3 p.p.m 

toxic to trout, 
0.2 
were somewhat toxic 

and Sehriider (26) and 
reported results of nu 


concentrations were 
found to be 


concentrations 


and 
and 0.3 


very 
between 
p.p.m 

Ebeling 
Ebeling 29 
merous and varied experiments de 
signed to test the resistance of man) 
different kinds of fish to free or active 
chlorine in aquaria, and also in larger 
tanks and ponds under more nearly nat 
ural conditions. The residual chlorine 
content of the slightly alkaline water 
was readjusted from time to time dur 
ing the prolonged tests by the addition 
vas, but nevertheless fluctu 
The fish held in 
ponds or tanks appeared to be some- 
what more resistant than those held in 
aquaria. Perhaps they 
tually exposed to the concentrations re 
ported. Eels and tench were found to 
withstanding a re- 
sidual chlorine concentration of about 
p.p.m 
also, were still alive at this concentra 
tion after 100 hr 
less tolerant, trout and pike dying at 


40 hr 


Of eight carp held in water 


of chlorine 
ated considerably 


were not ae 


be most resistant, 


for long periods. Some carp, 


Other species were 
this concentration (1 p.p.m.) in 
or less 
with a chlorine content of about 0.15 
to 0.2 p.p.m 
4° to 5° ( 


and at a temperature of 
two died after more than 
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12 to 16 days. No carp were killed 
by this concentration at higher tem 
peratures (above 10° C The au- 
thors that chlorine is most 
harmful at low temperatures, but the 
evidence 


decided 
presented inconclusive. 
Mortality of goldfish and other coarse 
fish in the presence of 1 p.p.m. of free 


chlorine has been reported also by 
Ellis (28 Zimmerman and Berg 
(126) and Davis (19). Gromov (36) 


claimed that 0.5 to 1.0 p.p.m. of chlo- 
rine could be tolerated by the mosquito 
fish Gambusia, but 2 p.p.m. killed some 
of these fish on the second day, and 3 
p.p.m. caused at least 50 per cent mor- 
tality. 

Some of the residual de- 
tected by investigators in their experi- 
mental solutions probably was present 
as chloramine, rather free 
chlorine. A very small amount of am- 
monia could combine with the chlorine 
to form chloramine. Coventry, Shel- 
ford, and Miller (15) found chloramine 
to be very toxic to various fresh-water 
fishes. They reported that chloramine 
0.76 to 1.2. p.p.m., 
presumably expressed as chlorine, were 
fatal to hardy minnows, carp, and bull- 
heads; 0.4 p.p.m. killed trout, sunfish, 
and some bullheads; 
0.06 p.p.m. proved fatal to trout fry 
in 48 hr. The experiments were not 
described fully. In the 
strictly comparable data, the toxicity 
to fish of free chlorine and that of 
chloramine cannot be accurately com- 
pared, but apparently there is no very 
great difference. 

The toxicity of hypochlorites, bleach- 
ing powder , and 
similar products apparently depends 
on the available chlorine content. 
Evaluations of their toxicity (83) (9) 


chlorine 


than as 


concentrations of 


and even 0.05 to 


absence of 


‘chloride of lime’’ 


without determination of available and 
residual chlorine, consequently have 
Hubbs (45) attrib- 
uted the toxicity to fish of solutions 


of free chlorine and hypochlorites, as 


little significance. 


well as ozone and hydrogen peroxide, 
to the presence and action of nascent 
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oxygen. This interesting interpreta- 
tion involves debatable theoretical 
questions of little practical import. 

Chlorine may combine with rela- 
tively nontoxic components of wastes 
to form toxie compounds which, unlike 
chloramine, are not detectable by 
chemical tests for residual chlorine, 
such as the ortho-tolidine test. Schaut 
(88) noted that chlorination of a di- 
lute, non-lethal solution of potassium 
thiocyanate (KCNS), sufficient to sat- 
isfy the chlorine demand, made this 
solution extremely toxie to minnows. 
This was attributed by the author to 
the formation of eyanide. The thio- 
cyanate was said to be a constituent of 
gas-house waste liquor. 

Allen, Blezard, and Wheatland (1) 
(2) rediscovered the above phenome- 
non when they observed that chlori- 
nation of certain relatively nontoxic 
sewage works effluents with a chlorine 
dose less than the chlorine demand re- 
sulted in great toxicity of the treated 
effluents to rainbow trout. These ef- 
fluents were found to be derived from 
sewage to which gas liquor had been 
admitted. Dilute gas liquor was also 
found to be much more toxie after 
chlorination than before. The toxicity 
of these liquids was evaluated by de- 
termining how soon the fish immersed 
therein lost their balance and turned 
over, in the presence of ample dissolved 
oxygen. Further investigation showed 
that thiocyanate was the constituent 
of gas liquor which reacted instanta- 
neously with the chlorine to form an 
exceedingly toxic substance, and that 
this principal toxie product appar- 
ently was eyanogen chloride (CNCI) : 


KCNS + 4Cl, + 4H,O ~CNCI 
+KCl + H,SO, + 6HC1 
The chloride 


quantity of cyanogen 


formed was found by these authors to 
depend on the relative proportions of 
thiocyanate and added chlorine and 
also on other factors, such as the pres- 


ence of interfering substances which 


compete for the chlorine. Aeration of 
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some solutions containing CNCI even- 
tually caused elimination of their tox- 
icity by physical displacement of the 
gas, but did not entirely eliminate the 
toxicity of chlorinated effluents de- 
rived from sewage mixed with gas li- 
quor. The residual toxicity evidently 
was due to some nonvolatile toxie sub- 
stances formed by reaction of chlorine 
with constituents other than thioeya- 
nate. The relation between the concen- 
tration of eyanogen chloride solutions 
and their toxicity to trout was care- 
fully determined and plotted. Con- 
centrations between 0.10 and 0.15 
p.p.m. caused the fish to turn over in 
less than 1 hr. at a temperature of 17° 
to 20° C. The minimal lethal conecen- 
tration evidently was somewhat less 
than 0.1 p.p.m. 


Hydrogen Sulfide 


The great toxicity to fish of dissolved 
hydrogen sulfide gas, or hydrosulfuric 
acid, and of sulfides generally, has long 
been known. Concentrations of the gas 
below 10 p.p.m. (mostly about 1 to 6 
p.p.m.) have been reported to be lethal 
to sunfish, trout, suckers, minnows, 
some goldfish, and carp (89)(7)(8) 
(58) (103) (28) (88) (108). Inasmuch 
as other sulfides (such as Na,S) are 
more or less hydrolyzed in solution, 
yielding hydrogen sulfide, their toxie- 
ity also will be discussed here. 

Longwell and Pentelow (60) found 
that the toxicity of a sodium sulfide 
solution to brown trout was influenced 
markedly by variations of pH. The 
duration of exposure until the fish 
turned over was increased fifteen-fold 
by raising the pII from 7.5 to 9.0, and 
was reduced markedly at lower pH 
values. The authors concluded that the 
toxicity is increased (when the pH 
value is lowered) by the formation of 
hydrogen sulfide. They also deter- 
mined and plotted the relation between 
the reciprocal of the effective exposure 
time and the sulfide concentration at 
approximately constant pH of 6.9 to 
7.6. The threshold sulfide concentra- 
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t could be indefi 
the conditions of the ex- 


periment was then estimated by extra 


ion which tolerated 


nitely under 
polation to be near 0.6 p.p.m. (as 5 


This value corresponds closely with 


the concentration of H,S reported by 
Belding (7)(8) to be lethal 
within 24 hr at 
0.86 p.p.m. (0.81 p.p.m 
aquarium goldfish, 
found to be more resis 
lethal 
gy from 3.8 to 6.2 
Wild goldfish were 


Belding (& 


to brook 
trout unspecified 
pli); namely 
as 3S Suckers, 
and carp were 
tant, the 


tions rangi 


reporte | concentra- 


p.p.m 
still more resistant 
also found that tempera 
ture has an important influence on the 
H.S, which 


increased at low tempera 


resistance of fish to was 
markedly 
tures 
Dodero (20) (2) found the mint 
mum lethal coneentration of Na.S in 
distilled 1-hr. 
with trout 


water, based on tests 
and 
be 2 p.p.m 
However, the mini 
hard 
water was reported to be 50 p.p.m 
(20.5 The limits 
of appar concentration 


brown and rainbow 


the minnow Phorinus, to 
0.82 p.p.m. as S 


mum lethal coneentration in a 


p.p.m, as 
harmless 
in distilled water and hard water were 
aid to be about 0.8 p.p.m. and 40 
Na Ss These ob- 


servations apparently are in agreement 


p.p.m respectively 


with the finding of Longwell and 


Pentelow concerning the influence of 


pH, although the pH 


values of the 


solutions were not reported. The mini- 
mum lethal econeentrations of ammo 
nium sulfid NII,).S, were reported 


to be 0.2 p.p.m. in distilled water, and 


in hard water 


Kreitmann (58) reported that for 
rainbow trout the minimum lethal con 
centration of hydrogen sulfide, based 


also on l-hr. tests onlv, was somewhat 


reater in distilled water >} p.p.m 
Hi.S) than in hard, alkaline water (2 
p.p.m, HS). Concentrations about one 
tenth as ereat were said to cause dis 


omfort \mmonium sulfide (NH,).S 
rted to be less toxic, and am 
NH HS 


monium hvdrosulfide about 
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more toxic 
disagreement be 


as toxic as H,S, or even 
There is apparent 
tween these results and those of Long- 
well and Pentelow (60) and Dodero 

20) (21). 

Ellis (28) reported that some gold- 
fish were killed within 96 hr. by 100 
p.p.m. of (NH,).S (at pH 7.8) and by 
10 p.p.m. of H,S (at pH 7.6) in flow 
ing, continually renewed solutions pre 
pared with hard water. He found that 
100 p.p.m. of (at 7.3) killed 
all the goldfish only after 3 to 4 hr 
Van Horn et al. (108) reported that 
the minimum concentrations of H.S 
and Na.S in a relatively hard water 

with total alkalinity of 140 to 160 
p.p.m. and initial pH 7.6 to 7.8) which 
were lethal to certain minnows ( Notro- 
pis spp p.p.m and 3 
p.p.m., Only standing 
solutions, with not less than 4 p.p.m. 
dissolved oxygen, were tested, and the 


were about 1 
respectively 


continued for 5 
observed 50 per cent mor- 


tests were days 
Schaut (88 
tality of within 24 hr. in 


standing water containing initially 5 


minnows 


p.p.m. H.S. However, he reported 
that the H.S content decreased to 14 
p.p.m. and the dissolved oxygen con- 


tent fell to 24 per cent of saturation 
(at about 80° F.) during the test. An 
initial H.S concentration of 6 p.p.m 
killed all the fish in 24 hr., whereas 
+ p.p.m. had no effect. Shelford and 
Powers (94) noted the pronounced 
toxicity of H.S to some marine fishes. 

Because of the lack of sufficient per- 
pH values, ete.), and for 
results of 


tinent data 
other 
the reported 


reasons, the varving 
cannot all be 
readily evaluated and interpreted. It 


is noteworthy that 


studies 


hvdrogen sulfide 


not only may escape from experimen 


tal solutions, but also is graduallv de 
composed 


colloidal sulfur It 


through oxidation, vielding 
is coneluded that 
hydrogen sulfide can be toxic to some 
fresh-water fish in concentrations well 
below 1 p.p.m. The pronounced toxic 
ceneral 
largely to the 


sulfides in 


solutions of 


may be attributable 
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toxie action of H.S, varying with the 
pH and with the tension of this gas 
in the solutions. 


Miscellaneous Inorganic Gases 


Wells (114) found that 1.2 ec. per 
liter (1.5 p.p.m.) of carbon monoxide 
in flowing tap water killed two kinds 
of minnow in 60 to 115 min., and two 
kinds of sunfish in 340 to 370 min. 
The black bullhead was killed only 
after an exposure of nearly 10 hr. to 
a CO concentration of 11.7 ee. per liter 

14.6 p.p.m.). The concentration re- 
quired to kill the sunfish, Lepomis 
humilis, in about 1 hr. was reported 
by Wells to be 6 ec. per liter, but was 
said by Shelford (89) to be 16 ee. per 
liter, or 75 p.p.m. (?%). One of the 
latter two values evidently is errone- 
ous, as 16 ec. CO per liter equals 20 
p.p.m. The results of the brief tests 
are not very instruetive. Nicloux (66) 
found that hardy fish could live for 
some time after their blood had been 
completely poisoned with carbon mon- 
Nevertheless, the great toxicity 
of this gas is clearly indicated. 

The toxicity of sulfur dioxide (SO,), 
which forms sulfurous acid when dis- 
solved in water, already has been con- 
sidered in connection with that of other 
Kreitmann (58) found that 
phosphine (PH,) in concentrations ex- 
ceeding 3.6 p.p.m. is toxie to rainbow 
trout in hard water. The duration of 
his tests was only 1 hr. Hubbs (45) 
reported that ozone was lethal to vari- 
ous fresh-water fish in concentrations 
well below 1 p.p.m., and even as low as 
0.1 p.p.m. 

Wiebe and MeGavock (118) found 
that species of the sunfish family and 
trout withstood prolonged exposure to 
abnormally high concentrations of dis- 
solved oxygen (20 to 34 p.p.m.) with- 
out apparent harm. Wiebe (117) also 
reported that fishes were not affected 
by more than 40 p.p.m. of dissolved 
oxygen, 


oxide. 


acids. 


and showed increased resist- 
ance to high pH in water supersatu- 


rated with oxygen. Harmful and fatal 
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effects on fish of water with a large ex- 
cess of dissolved oxygen have been re- 
ported, however, by other investigators 
(40)(122). The significance of some 
of these observations is not entirely 
clear, and is not of sufficient impor- 
tance to be discussed fully here. 

The occurrence of fatal ‘‘gas bubble 
disease’’ of fish (that is, formation of 
gas bubbles in the blood vessels and 
other tissues) in water supersaturated 
with atmospheric gases has long been 
known. Presumably it oceurs usually 
when the sum of the tensions of the 
individual gases dissolved in the body 
fluids is excessive, in relation to the 
atmospheric and hydrostatic pressure. 
It may not be attributable entirely to 
any single gas, although inert nitrogen 
has been frequently believed to be 
chiefly responsible. Engelhorn (29) 
determined the composition of bubbles 
formed in fish with artificially pro- 
duced bubble disease. Jt was 
found to vary with, and to be initially 
similar to, the composition of the dif- 
ferent mixtures of atmospheric gases 
with which the water and body fluids 
had been charged under pressure. The 
percentage of oxygen decreased with 
time, however, whereas that of nitro- 
gen increased. Woodbury’s (122) sup- 
position that bubbles of oxygen only 
occurred in fish dying in water in 
which a rich plant growth caused ex- 
treme supersaturation with oxygen is 
not supported by any evidence. Some 
conclusions of these and earlier inves- 
tigators concerning the probable cause 
of gas bubble formation also appear 
to be theoretically unsound, or ques- 
tionable. Further studies have been 
undertaken. 


gas 


Summary and Conclusions 


1. It appears that, under otherwise 
favorable conditions, pH values above 
5.0 and ranging upward to pH 9.0, at 
least, are not lethal for most fully de- 
veloped fresh-water fishes. Much more 
extreme pH values, perhaps below 4.0 
and well above 10.0, also can be tol- 
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erated indefinitely by resistant species 
However 


acid or 


regardless of the nature of 


alkaline wastes responsible, 


extreme conditions, associated 
with industrial pollution, are evidently 
undesirable and hazardous for fish life 
in waters which are not naturally so 
acid or alkaline 


2. None of the strong alkalies which 
are important as industrial wastes 
that is, NaOH, Ca(OH)., and KOH 

shown to be lethal to 
fish in natural fresh 
when its concentration is in- 
sufficient to raise the pH well above 
normal devel 
and other damage to fish life 


has be en ¢ le arly 
fully developed 
waters 
90. Interference with 
opment 
sometimes may occur, however, at 
lower values 
3. Solutions of ammonia, or ammo 
droxide, and ammo- 
prepared with natural wa 
ters, can be very toxic to fish even when 
the pH 
pil 4 


evidently 


nium |} also of 


nium salts 


snot very high (that is, below 
The toxieits of these solutions 
is dependent largely, if not 
concentration of the 
which 
with the pIl value, as well as with the 
A eon 
free am 
ammonium base, of 1.2 to 3 
Nil has been reported to 
rapidly and uniformly toxic 


entire ly on the 


undissociated base, increases 


over-all ammonium content. 


centration of the non-ionie 
monia, or 
p.p.m. (as 
be quit 
to a relatively hardy species in solu 
tions of varying pH and ammonium 


ion content. Several investigators have 


reported that the addition of only 2 to 
7 p.p.m. of as NH 


tain waters proved lethal to some fish 
+. The 


ammonia to eer 


ommon strong mineral acids 


thac is, H.SO,, HCl, and HNO,), and 
ilso phosphorie acid H.PO,) and 
some moderately weak organie acids 


for example, lactic, citric, tartaric, 


and oxalic acids), apparently ean be 


directly leth 


il to fully developed fish 


fresh waters only 


in most nat iral 
when the pll is reduced thereby to 
about 5.0 or lower (see, however, para 


graph 6 below Differences between 
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concentrations of the strong acids, 


which have been variously reported, 
may be attributed to synergetic action 
of the acid anions, but are probably of 

from a_ practical 
resistance of 


minor importance 


The 


tive species to these acids. and espe- 


standpoint sensi- 
cially to the organic acids mentioned 
above, in relation to pH and other fac 
tors (for example, the calcium con 
tent of the has not yet 
adequately however. 

5. A number of weak inorganic and 


water been 


investigated, 


organic acids can impart to some wa 
pronounced toxicity for fresh 
water fish without lowering the pH to 
a value as low as 5.0. The toxicity un- 
der these attributable 
chiefly to the undissociated acid or acid 


ters 


conditions 1s 


vas in solution, or to the anions or salts 
of the acid involved. This group of 
acids includes hydrosulfuric, hypo- 


chlorous, hydroeyanic, carbonic, chro- 
mic, tannic, and borie acids, and prob 
ably also sulfurous, benzoic, acetic, and 
propionie acids. It may 
clude hydrofluoric 


possibly in 
oxalic 
acids, but adequate evidence is lack 


and 


also 
ing. The pH value alone may not be 
reliable index of dan 
gerous pollution of water with one of 
the acids of this group. Both the con 
centration and the pH of the solution 
Some of 


regarded as a 


usually must be considered 
these acids (particularly the first three 
mentioned) are lethal in very low con- 


centrations, whereas the toxicity of 


others (for example, borie acid) is rela- 
tively slight Much additional infor- 
mation concerning the toxicity of these 
acids and their salts, in relation to pH 
and the 
forth, is needed 

6. The susceptibility of different spe- 
cies of fish to the lethal action of free 


varies greatly 


extent of ionization, and so 


earbon dioxide Sensi 
tive fresh-water species may suecumb 
rapidly at free CO, concentrations be 
tween 100 and 200 p.p.m. in the pres 
ence of much dissolved oxygen. Lower 
concentrations (100 to 50 p.p.m., or 


less) may be lethal after prolonged 
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exposure, or may interfere with the 
utilization of oxygen at low tensions 
and with normal development. The 
amount of carbon dioxide liberated by 
the reaction of any sufficiently strong 
acid with dissolved carbonates and bi- 
carbonates in some hard, natural wa- 
ters can be lethal to sensitive fish. The 
resulting mortality of fish can occur 
at a pH value which is not itself dem- 
onstrably harmful (for example, above 
pil 5.0 

7. Solutions of hydrogen sulfide (as 
well as of other sulfides), free chlorine, 
chloride, carbon monoxide, 
and ozone all are extremely toxic to 
fish 
ported to be lethal to sensitive fish, at 


evanogen 
All of these gases have been re- 


least in some waters, in concentrations 
near 1 p.p.m. or less, and some may be 
lethal in below 0.1 
ppm. The presence in polluted wa 


concentrations 
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ters of more than a trace of any of 
these substances evidently should be 
regarded as a possible hazard to fish 
life. Chlorine as chloramine 
apparently is about as toxie as free 
Available 
indicates that about 0.05 to 
0.2 p.p.m. of 


present 


chlorine, if not more toxie. 
evidence 
chlorine and 
0.5 to 1.0 p.p.m. of hydrogen sulfide 
and other 


available 
dissolved sulfides (as S) 
may be eritical concentrations for the 
more under 
conditions. 


sensitive fishes average 
water quality Cyanogen 
chloride and other highly toxie com- 
pounds may be formed when some rela- 
tively harmless components of indus 
trial KCNS) 
with 
chlorine residual 


wastes (such as react 


detectable 
Phosphine and sul- 
fur dioxide also have been reported 


chlorine, leaving no 


to be very toxic to fish. 
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Issued under the title ‘* Proceedings 
of the 5th Industrial Waste 
(Bulletin Extension Series No. 


71), the publication will be sent with 


Confer 


ence’’ 


out charge to all registrants at the 5th 
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Stream Pollution 


STREAM QUALITY OBJECTIVES * 


By M. LeBosqvet, Jr. 


Sanitary Engineer Director, Environmental Health Center, U.S.P.H.S., Cincinnati, Ohio 


Water pollution control programs 
are undertaken for the purpose of re- 
storing the waters to conditions suit- 
able for certain uses, or to maintain 
water quality suitable for such uses. 
Water resources attract population and 
industry, and it is inevitable that 
streams will be used for disposal of 
drainage waters and liquid wastes as 
well as for water supply, reereation, 
industry, and commerce. The use of 
streams for disposal of sewage and 
other lig¢uid wastes results nece4sarily 
in some degree of pollution of the re- 
ceiving waters. Although such pollu- 
tion cannot be entirely prevented or 
eliminated, its effects usually may be 
kept within bounds by 
abatement measures such as treatment 
applied to sewage and treatment or 
other methods applied to industrial 
wastes. 

The degree of pollution abatement 
is most logically determined by tech- 
nical requirements to preserve the 
water quality for appropriate uses, 
with due regard to the rights and con- 
venience of the public and riparian 
owners. It is entirely uneconomical 
and inequitable that the requirements 
for pollution abatement be determined 
otherwise. The costs of construction 
and operation of abatement facilities 
are appreciable and should not be bur- 
dened upon our public tax system or 
industrial economy, except to the ex- 
tent necessary. 


reasonable 


* Presented at 1950 Annual Meeting, Ohio 
Sewage and Industrial Wastes Conference; 
Cincinnati, Ohio; June 28-30, 1950. 


A State Responsibility 


The decision as to how far pollu- 
tion abatement should go is definitely 
a matter for State consideration. Pub- 
lie Law 845, the Federal water pollu- 
tion control act, states ‘‘It is hereby 
declared to be the polievy of Congress 
to recognize, preserve, and protect the 
primary responsibilities and rights of 
the States in controlling water pollu- 
tion.’’ Certainly, in the ease of State 
programs, the responsibility for de- 
termining degree of pollution abate- 
ment belongs to the State. In cases 
where an interstate ageney has juris- 
diction, the decision on degree of pol- 
lution abatement is the concensus of 
the States involved. In the ease of ae- 
tion under the Federal water pollu- 
tion control act, State consent and pre- 
sumably State agreement as to degree 
of pollution abatement are necessary 
before action is legally possible. Even 
in the case involving treaty obligations 
between Canada and the United States, 
the International Joint Commission is 
guided by a Board of Technical Ad- 
visers, and the objectives recommended 
are agreed to by the board member 
representatives of the States and Ca- 
nadian Provinces. 

In the present discussion, the word 
‘‘objective’’ rather than ‘‘standard”’ 
has been used. The word ‘‘objective’’ 
denotes a desirable end to be reached, 
but can be interpreted as an eventual 
accomplishment, not 
mediate. 


necessarily im- 
In other words, tolerance 
can be granted when necessary. In in- 
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dividual pollution situations involving 


industrial wastes, it may be necessary 

cept less than a wholly satisfac 
ry abatement program pending solu 
tion of technieal and financial prob 


As 


beckons and 


long as an ultimate goal 
efforts eon 
that in- 


a proven characteristic of in 


abatement 


tine experience has shown 
‘nuityv, 

y, will before long find a solution 

(in the other hand, the 


ard’’ implies something fixed and also 


word ‘‘stand 


something that must be met, and soon 

It might be charged that specific hich 

standards were unreasonable and could 

not be met by existing methods. Much 

less objection would be raised in the 
of a high objective It 

terest to that the International 


mmission, in its consideration 


Case is of in 
note 
Joint 
of pollution of international boundary 
waters, uses the word ‘object ve’’ in 
establishing the requirements for pol 
Similarly, the Ohio 
Water 


establishing 


lution abatement 
Valley 


THISSION in 


Rive Sanitation Com 
degrees of 
treatment in the Cincinnati Pool, also 


uses the word ‘objective sd 


Stream Quality Objectives vs. 
Effluent Requirements 


In the operation of water pollution 


abatement programs, use has been 


made for administrative guidance of, 
first, water quality objectives applying 


to stream waters, and, second, efflu 
requirements applying to sewage 
effluents In the 
United 


have 


waste major 


cases in the States in 


officially 


such objectives have pet 


bes 


hiectives 


quality of reeeiving wa 


as related to requirements for 


various uses such as bathing, wate 


supply, sanitary purposes, maintenance 


if fish life, et The objectives have 


ften beer suppleme nted by 


Classi 
ion Of streams into stretches where 
the water 


rmly apply and where 


quality criteria 


the requirements 


AND 


STRIAL WASTES Ni 


vember, 1950 


There has been some degree of eon 
troversy over the merits of stream wa 
ter objectives vs. effluent requirements 


in water pollution abatement pro 
However, there has been littl 
fundamental difference in 
effluent 
have usually been based on stream wa 
For 


administration, the 


gvrams 
actual op- 
eration, as the requirements 
ter qualits ease of 
effluent 
requirement approach has much to ree 
ommend it. However, it should be ree 
ognized as an 
and not 


( bjective s 
program 


administrative device 
basic ob 
Thus, the logical 


control procedure would set forth the 


represented as the 
jective or criterion 


desired stream water quality in a given 
area and, consistent therewith, the nee 
essary effluent requirements for wastes 
discharged to such waters. This pro 
cedure is logical and provides the ad 
ministrative advantages associated with 
the use of effluent 
will be 


requirements. It 
this combined 
stream qual tv objec 
founda 
tion and not changed over a period of 


noted in using 


method that the 


tive can be established as a 


years It may be necessary to revise 


the secondary effluent requirements 


from time to time because of unfore 


seen population vrowth or 
industrial 


increase in 


waste discharge because of 
crowth or new industries 
the dual approach, the 


stream quality ob} clive 


Again using 

governing 
can be cviven 
formal status as a regulation or 
official adoption The 
fluent requirement to 
the objective can th 


other 
necessary ef 
quality reach 
‘n be stated as an 
administrative having 
fundamental or 


OpmMion, 
less we ioht than the 


primary requirement 


In setting a stream quality objective, 


it is necessary to 


initial 
If a sample is col 
river at a point that is 

outlet from a 
sewer, an unsatisfactory sample might 


recognize an 

period Ot mixing 

lected in the 

actually in stream 

well resul To provide for a mixing 
Joint 


fies the quality ‘‘at any 


period, t nternational Com- 


mission spr 
point in 


these 


waters following initial 
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dilution.’’ Similarly, New York pro- 
posals specify water quality in ‘‘the 
receiving waters after opportunity for 
reasonable dilution and mixture with 
the wastes discharge thereto.’’ It is 
difficult to specify exactly what the 
distance should be. Certainly the mix- 
ing distance in a small stream is less 
than in a large stream. Should an 
important water use be close to a sewer 
outfall, special mixing might be neces- 
sary, as from multiple outlets. 

In advocating a basic stream quality 
objective, it is assumed that the sew- 
age or wastes will mix with the stream 
water to a that the reduced 
concentrations are not objectionable. 
Exceptions might be made, therefore, 
where this assumption is not correct, 
such as the ease of settleable solids that 
accumulate on the stream bed, or oils 
and other floating substances which 
rise to the top and are concentrated by 
wind or 


degree 


other influences to cause ob- 
jectionable conditions. There is justi- 
fication, therefore, for making excep- 
tions to the basic stream quality objec- 
tive, such as in the two eases cited. 


Critical Low Flows 


In the design of treatment meas- 
ures or in the specification of degrees 
of pollution abatement, it is necessary 
to determine or define critical low flows 
under which the objective stream qual- 
ity will be attained. It would be un- 
economical to design pollution abate- 
ment works for the lowest flow of 
record as, for example, for a drought 
occurring once in 50 years. At the 
other extreme, a design that would fail 
to meet in 2 years 
would generally not be considered sat- 
isfactory. The definition of the eriti- 
cal low flow will normally be between 
these two extremes. 


objectives once 


In selecting a design flow, considera- 
tion must be given to the consequences 
of failure of pollution abatement meas- 
ures. It may be that a high objective 
has been selected and partial failure 
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to meet the objective may not cause 
great damage. Normally, such a fail- 
ure would not be complete. In other 
words, if fish life is being protected, a 
failure would not necessarily mean 
that all fish life would be destroyed. 
A failure might mean simply that fish 
may be distressed over a few hours or 
may be driven temporarily from a 
limited stretch of the river. For ex- 
ample, if 4.0 p.p.m. is taken as a dis 
solved oxygen objective, it is conceiv- 
able that oxygen might drop to 3 p.p.m. 
or even 2 p.p.m. over a limited stretch 
of stream for a few hours on a critical 
summer night without damaging fish 


life, 


Typical Examples 


There have been a number of cases 
where advantageous use has been made 
of water quality objectives. These ob- 
jectives—sometimes called standards— 
have varied in status from a list of limi- 
tations set forth for purposes of dis- 
cussion to actual inclusion as a funda- 
mental regulation covering an abate- 
ment program. 

In October, 1949, the International 
Joint Commission adopted (1) a set 
of ‘‘objectives for boundary waters 
quality control.’’ Many of the objec- 
tives are stated in general terms, but 
a few figures are set forth. 
uniformly qualified 


These are 
with the words 


‘“‘adequate protection should be pro- 


vided if . These objectives follow 
the procedure of establishing a_pri- 
mary stream quality objective followed 
by a secondary qualified statement of 
effluent quality under which the objec- 
tive ‘‘quality in the receiving waters 
will probably be attained.’’ It is in- 
teresting to note in these objectives 
that a figure for oils in effluents is 
specified, but no figure is specified for 
On the 
other hand, a threshold odor in the 
receiving waters due to pollution is 
specified but no threshold odor is speci- 
fied in the effluent. 


oils in the receiving waters. 


In summary, the 
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specific figures qualified as deseribed 


above are as follows: 


Objective 
Which 
Should 
Adequate 
Protection 
for Uses 


Deteruut Specified 


Phenol 


nohe equiv 


ation 


or phe- p.p.b 


sient 
pH 6.7 to &.5 5.5 to 10.6 


lron 0.3 p.p.m. 17 p.p.m. 
Threshold odor 


number 


& due to Not speci- 
added fied 
material 

Onl (by Not speci- 
fied 


extrac 15 p.p.m, 


tion) 

In the case of the International Joint 
Commission activity, it will be noted 
that limitations were placed on phenols 
It was felt that ‘‘Stand 
Methods’’ (2) required 
menting in regard to the phenol deter 


and on oils 
ard supple 
mination. During hearings which dis 


cussed 


the oil objective, certain of the 


industries on the boundary waters 
asked for a specific definition of *‘oils.’’ 
For these found 


necessary in the case of the bo indary 


two reasons it was 


waters to supplement the statement of 
objective with a statement of analyti 
cal methods. Normally this would not 
as ‘‘Standard Methods’’ 
furnishes adequate definition of what 


be necessary 


is meant by the various constituents in 
natural waters 

One of the strongest treatment speci 
fications is written into the Ohio River 
Valley Water Sanitation Compact and 
part of the law. This 
specification deals with solids, the exact 


thus is a basi 


wording providing for ‘‘substantialls 
complete removal of settleable solids, 
and the removal of not less than 45 per 
cent of the total suspended solids.”’ 
There is also a provision for higher de 
vrees of treatment when determined to 
be necessary by the Commission 

1949, 


Sanitation 


In January, the Ohio River 


Valley Water 


Commission 
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November, 1950 


was called upon to set a degree of treat- 
ment the Ohio 
the vicinity of Cincinnati, 
referred to as the Cincin- 

This particular objective 


for organic wastes in 
River in 
commons 
nati Pool 
3), whieh involved dissolved oxygen, 
is of interest in that it was rather care- 
fully defined, the exact wording being 
as follows: 


For purposes of treatment design, a wa- 
ter quality objective has been taken as 4.0 
parts per million of dissolved oxygen at 
the bottom of the oxygen sag in the Ohio 
This 
taken as a daily minimum as measured by 
the average of three samples taken on a 


River below Cineinnati. figure is 


range across the stream, one sample of 
which is at midstream and the other two of 
It is ex- 
pected that the dissolved oxygen at one or 


which are at the quarter points. 


two of the points on the range may be be 
low the specified figure However, it is 
that results on 
above and below the bottom of the sag will 


expected oxygen ranges 


be above the specified figure. 


In the case of the Cincinnati Pool, 
the wording of the April, 1949, action 
by the Commission is of interest in that 
the degree of treatment is tied in 
rather definitely with the stream qual- 
itv objective. This wording is as fol- 


lows: 


Reduction by 65 per cent of the bio- 
chemical oxygen demand of organic wastes, 
that 


lesser 


limitation 
permit, such 
degree of reduction, but not lower than 35 


subject, however, to the 


whenever conditions 
per cent, may be applied to such wastes if 
as a result there will be no impairment in 
Pool of a water quality 
4.0 parts per million of dis- 


the Cineinnati 
standard of 
solved oxygen at the bottom of the oxygen 
sag in the Ohio River below Cincinnati. 


Under the new water pollution law 
of the State of New York, a ‘‘ Water 


Classification Standard System’”’ for 


waters of the State is being prepared 


The preliminary 
this 


proposals for 
drafted and a 
been held, the 
which was in Syracuse, N. Y., 
1950. This 


system have been 
series of hearings have 
last of 


on June 29, interesting 
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development has resulted from a law 
which requires the setting up of the 
system. The legal requirement re- 
ceived the strong support of industry 
and reflects the desire of industry to 
have rather specific information as to 
what might be required of it. In the 
present proposal for New York State, 
there are seven classes of fresh water, 
four of salt water, and two 
classes of ground water. This is one 
of the most elaborate systems that has 
been proposed in recent years. 

The State of Indiana provides by 
regulation for objectives in the form 
of a definition of polluted stream con- 
ditions (5). The regulation adopted 
by the Indiana Stream Pollution Con- 
trol Board November 8, 1945, contains 
five criteria, any one of which would 
indicate a polluted condition : 


classes 


1. Injurious floating material and 
oils. 
2. Objectionable sludge banks. 


3. Materials adversely affecting pub- 
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lie health, fish life, animals, and 
plant life. 

4. Generally dissolved oxygen below 
50 per cent saturation. Tem- 
porary dissolved oxygen below 
50 per cent saturation, injuri- 
ous to fish life. Temporary 
dissolved oxygen below 25 per 
cent saturation. 

5. Coliforms over 1,000 per 100 ml. 
(MPN) in. bathing’ waters. 
Coliforms over 5,000 per 100 
ml. (MPN) in vieinity of water 
intakes. 


From a legal standpoint, the rea- 
sonableness and legality of the regula- 
tions can be established at the start 
of the program, and thereafter evi- 
dence collected for action against a 
polluter is aimed principally to show 
a specific violation of one or more sec- 
tions of the regulation. The regula- 
tion is reported to have served as a 
very useful tool in the abatement of 
pollution in Indiana. 
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MOBILE LABORATORY SURVEY OF THE MIAMI 
RIVER * 


By Bruct 


Eng Charge, Water Pollution Cont 


Procurement of a mobile laboratory 
unit by the Sanitary Engineering Divi 
sion of the Ohio Department of Health 
in March, 1949, definitely made pos 
sible an increased tempo in activities 
pertaining to the water pollution eon 
trol program. From the standpoint of 
popular opinion as refleeted in recent 
state, interstate, and federal legisla 


tion, the procurement of this equi 
ment has been considered timely. Not 
withstanding the difficulties encom 
tered in obtaining and organizing pet 
sonnel within allowable budget require 
ments, the accomplishments of the first 
eration have been gratifying 


Designed by the sanitary engineer 
ne staff under the supervision of F. H 
Waring, chief engineer, and built by 
John J. Mohler and Associates, Peoria, 
lil., the unit comprises a 25-ft. trailer 
Figure 1 A station wagon, which 
also serves for collection of samples 


and as a crew carrier, is used as a tow 


ar (Figure 2 Contained in the 
trailer unit are laboratory equipment 
and supplies (Figure 3) sufficient to 


make all usually required chemical 


hacteriological, and biological examina 


tion The items of equipment range 
fron cle ate bal inces to large units 
for neubation and refrigeratior 


Standard water and electrical conne: 


tions have been provided so as to ob 


tain the respective services from a se 
lected premise. Otherwise the unit is 
itained for ‘ton the spot”? Stina 

* Pres ‘ 4th Ann M 
Ol Industrial Wastes Treat 

nt Cy nnatl Tur 
. 


M. 


First Year’s Operation 


In the period from April 1 to De- 
cember 31, 1949, the mobile laboratory 
was used on 13 special sewage and in- 
dustrial wastes problems and on one 
complete river drainage survey. The 
special problems involved performance 
tests on sewage and industrial wastes 
treatment plants, evaluations of indus 
trial wastes as water pollutants, and 
participation with the Ohio River Val 
ley Water Sanitation Commission and 
with industry on research studies re- 
ited to the destruction of phenols and 
phenol derivatives characteristic of by 
product coke plant wastes. The com 
plete river basin survey was that of the 
Miami River 

Experience has been that efficient op 
eration of the laboratory requires an 
average field crew of five assistant en 
vineers and engineering aides. Besides 
the aetual analytical examinations of 
samples, the work pertinent to field 
laboratory operation involves contacts 
with municipal officials and with in- 
dustrial managements for factual in 
formation, collection of samples, meas- 
urements of sewage and_ industrial 
wastes flows, stream sampling, and col 
lection of data pertinent to hydrologi 
al studies of receiving streams. The 
field work directly essential to the op 
eration of the unit during the nine 
months of 1949 required approxi 
mately 750 man days Samples ana 
lvzed numbered as follows: Stream 


981: municipal sewage, 244: and indus 


trial wastes, 20S The total number of 


analytical determinations on these sam 
ples closely approached 6,000. Empha 


sis thus far has been placed on chemi 


1404 


| 
Ohio Department of Health, Columbus, Ohio 
on 
igen 
j 
: 
: 
: 


11 MOBILE LABORATORY SURVEY OF MIAMI RIVER 


FIGURE 1.—Ohio’s modern mobile stream pollution survey laboratory unit. 


cal analyses. Cognizance is had that 
bacteriological and biological examina- 
tions are valuable in the inter- 
pretation and control of stream sanita- 
tion. However, an initial evaluation 
of the problems, conserving time and 
personnel, has had priority, hence the 
decision for limiting efforts largely to 


most 


chemical and biochemical examinations. 


Miami River Survey 


General 

The major role of the mobile labora- 
tory during the past year was an over- 
all pollution survey of the Miami River 
and its tributaries. Consequently, a 
brief review of this survey and a lim- 
ited discussion of the highlights of this 


FIGURE 2.—Station wagon used as tow car serves also for collection of samples 
and as a crew carrier. 
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1466 SEWAGE AND 


study appear warranted. Briefly, the 
field work involved procuring factual 
information with respect to municipal 
activities and with respect to industrial 
processes ; evaluating, by flow measure 
ments and analyses, sewages and indus 
trial wastes discharged to the river and 
its tributaries; and observing, by river 
ind analyses, the effects of 


the 


sampli 


pollution loads on streams under 


the current hydrological conditions 


The second phase of the work has been 
the correlation of data, ineluding 
stream sanitation analysis, for deter 
mining recommended allowable pollu 


tion loads for sections of 


river tributaries 
will be 


reference, in general, 


the study only as it has applied to the 


main stem of the river from Tipp Citys 


its confluence with the Ohio River 


| 


INDUSTRIAL 


river and for 
Kor this diseussion. 


made to 


WASTES November, 1950 
Pollution Loads 

Distributed over the Miami River 
drainage area in Ohio, a total of 3,948 
sq. mi., the organic pollution loads are 
pictorially Figure 4. 
The network of 
observing the effects of pollution on 
its tributaries is shown 
Figure 4 


represented in 
sampling points for 


the river and 
in Figure 5. Reference to 
definitely shows that the section of the 
Miami River from Dayton to its conflu 
ence with the Ohio contains the major 
concentration of organic pollution 
Table I sets forth evaluations of sig 
nificant organie pollution from Tipp 
Loads expressed as 


City downstream 
based on 5 day 


population equivalents 
b.0.D.) at focal points are listed un- 
ler headings ‘‘untreated’’ and ‘‘dis- 
The attributed to 
paper mills, an industrial 
activity, represents 47 per cent of the 


load 


charged.’ 


important 
total organic pollution. 


FIGURE 3.—Trailer unit contains equioment and supplies for all usually required 
chemical, bacteriological, and biological examinations. 
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FIGURE 4.—Sources of significant pollution in Miami River Basin, 1949. 


Full cognizance was taken of inor- 
vanie wastes influences with the evalua- 
tion of those characteristics that can 
have deleterious effects on the surface 
waters. For the most part, these re- 
quired special consideration in more 
limited reaches of the river. Of the 
significant inorganic wastes, there were 


acid iron wastes and wastes resulting 
from the electroplating of metals. 
Phenolic wastes from one by-product 
coke plant and from one oil refinery 
have significance, as do oils and allied 
substances characteristic of the latter 
industry. Phenols, particularly, have 
required special consideration because 
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FIGURE 5.—Location of sampling points in 1949 survey of Miami River Basin. 


of tastes and odors imparted to waters Hydrological 


used for publie water supplies Phe Stream flows in the Miami River 


and its tributaries were above normal 
not used in this manner, but the during the 1949 summer and _ fall 


Miami River below these influences 


River immediately downstream months. Inability to observe pollution 


onfluence (Aurora, Ind.) is — effeets or the response of the river to 


pollution loads under drought condi 
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tions has made the over-all river analy- 
much more difficult. However, 
armed with the field data as outlined 
above, thorough study of stream flow 
for the determination of the 
frequency of severe drought flows and 


SIS 


records 


of less severe drought flows has been 
made It is not reasonable nor eco- 
nomically feasible to fix pollution 


abatement requirements on the lowest 
flow on a condition the 
probable occurrence of which will be 
Therefore, from 


ot record or 


once in, say, 29 vears. 


TABLE I. 
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the stream flows of record ‘‘critical 
flows’’ have been selected, which in the 
case of the Miami River are seven con- 
secutive day averages that will proba- 
bly occur not oftener than in 
five vears. Cognizance must be had 
that the activities of Mother Nature 
from year year, month to month, 
or even day to day, do not always 
follow similar patterns; consequently, 
what has occurred over past years 
must be used scientifically as a guide 
to future probabilities 


once 


to 


Sources of Significant Pollution of Miami River from Tipp City to Mouth, 


Including Industrial Waste Expressed as Sewered Population Equivalent (B.O.D.) 


Miles At beat. Pop 
Mouth of Connected to 
River Sewers 
(a) By 


Tipp Cit 104.2 3,167 
Vandalia 97.4 4,000 
Dayton 84.2 300, 0008 
Moraine City 11,6508 
West Carrollton 71.5 2,393 
Miamisburg 69.0 6,500 
Franklin 60.9 5,700 
Middletow n 53.6 41,500 
Excello 16.5 2,000 
Hamilton 35.3 66,000 
Hooven s.0 None® 
Total 142,910 


Tipp City 
Dayton 
West Carrollton 
Miamisburg 
Franklin 
Middletown 

Exe ello 
Hamilton 


Potal 


Total 


By 5-day B.O.D 

Includes Oakwood and Frigidaire 

Includes Carrmonte sewer 

Sewage treatment plant not used 

Includes Sall Mountain Paper Co. 
All industrial waste 

Estimated 


Domestic Sewage and Industrial Waste 


(b) By Paper Industries 


(c) By Industries other than Paper Mills 


Sewered Pop. 
sewage 
Preatment 


Untreated Discharged 


| Secondary 10,790 7,000 
Primary 4,000 3,920 
Secondary 513,550" | 83,550" 
Secondary 11,650° | 2,720 
None 73,350 | 73,350 
None 22,010 22,010 
None* 64.700 64,760' 
None 116,700 116,700 
Primary 16,6208 15, 780° 
None 245,000 245,000 
None 60, 700° 60,7008 

1,139,130 696,480 


7,730 7,730 
22,000 22,000 
64,690 64,690 

S10 
55,460 55,460 
57,310 57,310 
15, 300° 15,30" 

156,600 156,600 
387,990 387,990 


308,230 128,0007 
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Krequeney curves were 


developed 


Figure 6) to show per cent of vears 
spec ifie ad 


\ hen 


reater than 


ai le 


minimum flows were 
Minimum 
14-day 


averages 


those show n 


monthly minimum 


averages, 
averages, minimum 7-day 
and minimum daily 


riod record at 


flows for the pe 
Hamilton, for in 
stance occurred at frequencies as 
from the chart. It is in 
cent of the 
minimum average 
I4-dav, 7-dav and dails 
been 420, $80, 350. and 290 e.f.s., re 


read dire 

for SO per 
vears the monthly 
flows hav 
or greater 
that for 


Conversely, it 
1) per cent of the 
ar in five) the 


respe 


above re spective values 
rv lesser values. Such a chart 
veloped for flows of record at each gag 
These 


in the selection of 4 


was de 
station furnished consider 
eriti 
cal flows 
Table II 
Hamilton 
ol 


forth, for the 
periods of continuous flows 


sets 


river a 
7 days or more when the flows were 
equal to or less than specified values 
in the lower 


range of discharges. Ob- 


AND INDUSTRIAL 


WASTES November, 195° 
that 
have oe 
infrequent inter 
frequeney of one 
vear in six, for the 25.3-yr. period 

Similar tables were developed 


these data indicate 
than 350 e.f.s. 
‘urred at relatively 
vals, about in the 


servance of 
flows less 


cord 
ir flows of record at each river gaging 
station 


The minimum 7-day average flows 


were ‘eritieal’’ for the rea 


selected as 


son that a condition more or less con 


stant for such interval results in seri 


effects 


ous pollutional 


From the an above in 


aly of tne 


struments, considered particu 


larly per 
tinent, as well as of other hydrological 
neluded that the low 


flows which eould he expected to occur 


data, it was 


about one vear in five to seven years, or 


‘*eritical’’ 
ind can reasonably be selected as those 


20 per cent of the time, are 


on which to base reductions of organic 


Table ITT, 
presents the eritical flows at four major 


pollution loads. therefore, 


vaging stations on the main stream 


These values from which 


were plotted, 


straight line interpolation gave values 


CENT OF YEARS | WHEW | 
DISCHARGE WAS “GREATER 
THAN | THAT. SHOWN. 
ee | PERIOD (OF RECORD: 


CFs: 


FIGURE 6.—Flow frequency curves for Miami River at Hamilton, Ohio. 
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Il.-Miami River at Hamilton; Periods of Continuous Flow of 7 Days or More When 


Days 
1 
8 


to 


) 


6-14 


to 

to 7-26 
to 8-0 
8-27 to 9-28 
10-7 to 1 


l 
7-3 


Dates 


Period of Record, 25.3 Years 


Dates Days Dates Daye 


7 to 


10 to 1 


| 7-14 to 7-24 
| 7-28 to 8-19 


¥-14 to 10-4 


for application at intermediate points 
of concentrated pollution (Figure 7). 


Water Quality Objectives 


‘ 


‘eritical’’ or, 
design’’ river flows, 
it was necessary to establish for see- 


established 


Having 
perhaps better, 


tions of the river, water quality ob- 
jectives with 
and with potential usage. 


water 
From the 
standpoint of deoxygenating wastes it 


consistent usage 


was considered reasonable to establish 


TABLE III.—-Critical Miami River Flows at 
Existing U.S.G.S. Gaging Stations 


Ares 


low 


cfs 


Drainage 
ation 
aj. mi 


545 30 
1,155 60 
2,513 225 
3,639 350 


Sidney 
laylorsville 
Dayton 
Hamilton 


¥-25 to 10-2 & 


a minimum dissolved oxygen content 
of 4 p.p.m. for the river in the general 
Dayton-Middletown-Hamilton area. 
This dissolved oxygen content applies 
to summer conditions or, more specifi- 
cally, to a water temperature of 25° C. 
This value, then, was used to arrive at 
the capacity of the stream to receive 
wastes normally using the oxygen in 
water in the processes of decomposi- 
tion and stabilization. 

Other criteria were also selected that 
control disposal of wastes of inorganic 
composition and of particularly sig- 
nificant characteristics. The water 
quality objectives established for this 
section of the river are set forth in 
Table IV. It should recognized, 
however, that these recommended tol- 
erable limits will vary from location 
to location, depending on the use that 
may reasonably be expected of the sur- 
face water. 


be 


| 
TABLE 
Flow was Equal to or Less Than That ied 
4 150 «fs 
Yea 
Dates Days Dates Days 
1914 | 7-24 to 8-7 15 | 7-24 to 8-7 
| 8-16 to 8-24 » | 8-16 to 8-24 
1-28 to 10-12 16 
1928 | 10-4 to 10-10 7 | 

1930 | 7-20 to 8-5 17 | ae 

j | 
1932 | 8-20 to 8-27 8 
1934 | 6-11 to 6-21 ll 
| 7-11 to 7-26 16 14 | 7-15 to 7-26 12 | 7-17 to 7-26 10 a By 5 
7-1 to 8-9 11 il 7-30 to 8) il 7-31 to 8-0 10 j 
8-26 to ¥-28 “4 43 8-20 to 9-28 
0-4 to 12-31 87 10-12 to 12-19) 69 | 
11-1 -20) 11 
i 1935 | 1-1 te is is 1-1 to 1-17 17 uty 
7-26 to 8-28 | 23 
4 to 9-23 19 y-4 to 9-16 il | 
1940 | 9-13 to 9-25 13 
to 10-26 | 29 | 9-28 to 10-24 | 27 
| 
1941 | 8-6 to 8-18 13 } | 
8-25 to 0-2 | 
+8 to 10-4 27 |9-13to104 | 22 | 21 | 9-20 to 10-2 

3 1944 | 86 to 8-12 7 
9-9 to 9-26 is | 
10-2 to 11-14 M4 10-14 to 11-8 26 | 10-26 to 11-1 7 wat 
11-30 to 12-13] 14 | 
4 12-16 to 12-24, 9 at 
|: 
1945 | 1-19 to 2-8 21 | 1-28 to 2-7 il | 

: 
‘ 
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Analysis of Pallution Reduction Rec 


ommended 


Were it possible always to observe 


-onditions at times of critical low flows 
the problem of determining the neces 
reduction of pollution would bs 
less difficult From the 
point of the regulatory agency, a quick 
method of the of offshore 
pollution, of observed pollution effects 
at the time of 


sary 

much stand 
correlation 
survey, and of expected 
effects at critical low flows, is certainly 
Ilowever, an evalua 


most ce sirable 


tion of the factors influencing the self- 
purification capacity of a stream can 
not be 
proach to 


neglected in a reasonable ap 
determining the require- 
ments of pollution reduction consistent 
with 
this 
study, 


water usage. Consequently, in 
pollution 


considerable time has been de 


nitial extensive river 
voted to exploring the methods of ap 
proach sO as to expedite the applica 
that ob- 
field analyses and 


tion of information can be 


tained readily by 
thus increase the efficiency of the mo 
bile unit. 

In the study for organic pollution 


reduction, application has been made 


INDUSTRIAL 


WASTES November, 1950 
of the Streeter-Phelps method for de 
termining the natural self-purification 
capacity of a stream based on the oxy 
Also, use was made of 
above method 

Within the 
data, reason 

The meth 
and furnished 
the framework upon which a practical 


ren sag curve 
an abbreviation of the 
developed by 


LeBosquet. 


limits of observed rivet 
hble checks were obtained 


ods are considered valid 


evaluation of stream conditions could 
be built the variable 
factors generally attributed to biologi- 


Considering 


eal and hydrological changes, all analy- 
ses have been made with an aim of pro 
ducing results that can be justified 
practically. 

The study, conducted as briefly out- 
lined, has developed that water quality 
objectives in the lower reaches of the 
Miami River probably can be attained 
if organic pollution loads 
day B.O.D.) actually measured in the 
field the 1949 survey are re 
dueed as follows: At Tipp City, SO to 
at Dayton, 85 to 90 per 
and at the focal 
West Carrollton 


70 to 75 per eent. 


based on 5- 
during 


per eent: 
cent, points below 
Dayton, through 


Ilamilton 


TABLE IV.--Recommended Water Quality Objectives for Critical 
Low Flows of Miami River from Dayton to Mouth 


Dissolved oxygen 
pH 
(Chlorides 
Phenols 


(as 


lron 

Zine (as Zn) 
Nite ites (as N 
(Cyanide (as Cn) 
La ad is Pb) 
Copper (as Cu) 
( hromium 
hls 
Free 
Color 
Other 


hexavalent as Cr 


wid 
and odor 
Lox 


wastes, deleterious 


substances, and high-tempera- 


ture liquids 


Not less than 4 p.p.m 

Jetween 6.3 and 0.0 

Not over 250 p.p.m 

Substantially complete removal 
(Tentatively over 25 p.p.b 


not 


to 30 p p.b., 

especially during critical flow periods in cold 
weather) 

Not ove 

Not over 5 p.p.m 

Not over 15 p.p.m 


5 p.p.m 


Not over 10 p.p.m 
Not over 
Not over 0.35 p.p.m 
Not over 0.40 p.p.m 
Not over ! 

Substantially 
None 
To be 
None 


stances in sufficient amounts to impair water 


0.15 p.p.m 


omplete removal 
nonoffensive 


alone or in combination with other sub- 


usage 


; 

: 

: 

: 

: 

: 
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FIGURE 7.—Method of determining critical flow at various points on Miami River 
between gaging stations. 


This confirms presurvey recommen- 
dations of this department based on 
routine investigations and general ob- 
servations. The degree of sewage and 
organic waste reduction had been ten- 
tatively fixed at 65 per cent below 
Dayton. The inclination is to accept 
this as the initial goal pending an op- 
portunity for check stream surveys un- 
der conditions more nearly approach- 
‘‘eritical’’ flows selected. 
Tolerable loads for each agency, 


ing the 


therefore, can be readily prescribed. 
These in turn will fix the degrees of 
treatment or degrees of wastes elimina- 
tion necessary to maintain within rea- 
sonable limits satisfactory stream wa- 
ter characteristics. 

Practical consideration of the inor- 
ganic wastes and wastes of special char- 
acteristics in relation to dilution fur 
nished at periods of critical flow in- 
dicate that the water quality objee- 


tives can be attained by reasonable 
methods of wastes reduction and dis- 
posal. 


Summary 


The mobile laboratory unit has been 
a most valuable asset in the initial ef- 
forts of the Ohio Department of Health 
to comprehensively evaluate water pol- 
lution. Each river basin requires an 
independent study. ‘*On the spot’’ 
analyses lends to accuracy of results 
and to savings in time and personnel. 
The unit serving as field headquarters 
makes more readily possible the ob- 
servations of stream conditions at times 
and at frequencies when analytical 
data correlated with critical hydrologi- 
cal conditions can be most useful in 
the interpretation of the capacity of 
the stream to receive and absorb pollu- 
tion loads. This is important, on the 
premise that the streams should be 
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used for the disposal of sewayve and in 


lustrial waste effluents; but to an ex 
tent only that water qualities can be 
maintained tor water uses consistent 


with the public health and welfare and 

consistent with the pot ‘ntial economic 

and social needs of communities. 
During the first year’s operation, ex 


November, 1950 


Ohio Health De 
partment personnel in the interpreta 
influencing 


perience gained by 


tion of variable factors 


self-purification of streams and in the 
pertinent to 


correlation of data most 
stream sanitation analyses should make 
possible more efficient use of the mobile 


laboratory facilities 


OHIO VALLEY COMPACT QUESTIONS TO BE REVIEWED BY 
UNITED STATES SUPREME COURT 


The United 


has consented to review 


States Supreme Court 
the recent ac 
tion of the Supreme Court of Appeals 
of West Virginia in holding that rati 
fication and enactment into law of the 
Ohio River Valley Sanitation Compact 
by that State was unconstitutional and 


that appropriation of funds by the 
legislature to cover that state’s share 
of the expense of operating the Ohio 


River Commission was improper. Thi 


to bye 


Thain question 
whether the 


decided deals with 
state of the 
compacts with 
of Con 


yiven pursuant to Arti 


power oft a 


lnion to enter into 


other 


states to which consent 
onstitution ean be limited 
or restricted by provisions of the 
tate’s own constitution The action 
of the West Virginia court upheld the 
is refusal to honor a 
Vir 
funds for 


state auditor in h 
requisition for payment of West 
nia’s share of operating 
the Comn 
Other questions on which the United 


ISSLOT) 


States Supreme Court has been asked 


1. If the power of a state to enter 
states can be 

provisions of its own 
s thre 


Constitution of 


onstituth ( 


the State of West Virginia restrict 


2. If the Constitution of the State of 
West Virginia restrict 
that State’s power to enter into com 


can and does 
pacts with other states, does the Ohio 
River Compact subject West Virginia 
to any obligation in violation of its 
constitution ? 

3. Has enactment 
nto law of the Ohio River Compact by 
the West resulted 


unconstitutional delegation of 


ratification and 
Virginia Jegislature 
in an 
power or legislature authority? 


nation-wide 
atfect the 


interstate 


attracted 


because the 


The Cant has 
luterest 


ISSUeS 


future of many other com 
pacts now operating in different parts 
of the Review of the case by 
the Supreme Court of the United 
State of West 


represented by its 


countrys 


States was sought by the 
Virginia, commis- 
Ohio River Commission, 


West 


Commission 


sioners in the 
und by representatives of the 
State Water 


briefs fi 


Virginia 
Other led in support of the 


review of the 


petition for a case in- 
luded one by the attorneys-general of 
Ohio, Indiana, Kentucky, Illinois, New 
York, and these 
other states party to the Compact ; one 
for the United States, by the Acting 
Soheitor General; and one by the gen 
Interstate 
River Basin. 


Pennsylvania, being 


‘ounsel for the Com 
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OPERATION OF A FIELD LABORATORY UNIT IN 
WATER POLLUTION SURVEYS 


By W. SANDERSON 


Chemist, Division of Laboratories and Research, State Department of Health, Albany, N. Y. 


The New York State Water Pollu- 
tion Control Board, established in ac- 
cordance with the Public Health Law, 
is required in its classification of wa- 
ters to consider ‘‘the extent of present 
defilement or fouling of said waters 
which has already oceurred or resulted 
past discharges therein (1).”’ 
Thus, studies of the sanitary quality of 
the water are necessary at the time of 
the survey. 

These can be made only by labora- 
examinations. No other method 
is sensitive enough to measure the mi- 
nute quantities of polluting material 
that may be deleterious to man or 
aquatic life. No other means will dis- 
close the density or extent of bacterial 
contamination from sewage. An esti- 
mate of the concentrations of dissolved 
substances cannot be made by visual 
observation. The biologie changes and 
the rates at which they occur can only 
be measured by laboratory examina- 
tion. The tests to be made, and the 
limitations and accuracy of each, must 
be clearly understood before the re- 
sults can be effectively or intelligently 
used in forming an opinion of the sani- 
tary quality of any particular water. 

In addition, enough data must be 
that an estimate can be 
made of “the quality of the water that 
will prevail at other times when con- 
ditions of flow and temperature are 
different. Admittedly, the projection 
of data collected at one time to what 
might occur at another is difficult and 
subject to question, but if the 70,000 


from 


tory 


collected SO 


* Presented at 1950 Spring Meeting, New 
York Sewage and Industrial Wastes Associa 
Jamestown, N. Y.; June 12-13, 1950. 


tion; 


miles of streams and more than 3,000,- 
000 acres of surface water in New 
York State are to be covered within a 
foreseeable time, surveys cannot be 
confined to periods of high tempera- 
tures and uniform flows. Even with 
the field units operating continuously 
for 9 months of every year, it will re- 
quire at least 10 years to examine the 
waters of the State. Because of low 
temperatures, snow, and high 
stream flows, it is not practicable to 
operate a field laboratory from the 
middle of December to the middle of 
March; in some sections of the State 
work cannot be begun until the end 
of May. 


ice, 


Industrial Water Quality Also 
Desired 


Samples of each waste discharged to 
the waters must be examined to deter- 
mine its various constituents and their 
concentration in order to estimate 
their probable effect on the receiving 
water. The Commissioner of the De- 
partment of Commerce has requested 
in some instances that additional data 
be obtained during surveys regarding 
the suitability of the water for indus- 
trial uses. The concentrations of silica, 
iron, calcium, magnesium, and sul- 
fates, normally of little importance in 
determining the sanitary quality of 
water, may be factors that govern the 
possible use of a water for industrial 
purposes. Many of the limiting con- 
centrations of constituents in the re- 
ceiving waters are established by the 
tolerance of fish. The Conservation 
Department makes all biologic exami- 


nations, but information regarding 
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FIGURE 1.—Field tests on samples, showing kit for chemical tests, sampling equipment, 
and ice chest set up in jeep. 


the concentrations of materials delete 


rious to fish is determined by chemical 
examinations by this Division 
To provide facilities for such a vol 


ume and variety of laboratory 
space, personnel, 
in the Division of Labo 
ratories and Research of the New York 
State Department of Health at Albany 


The examination of samples of wastes, 


made available 


vave, and water for those compo 
not change during ship 
in the 
but is undertaken in the central labo 
ratory Methods for 


industrial wastes are not 


is notn 


ade routinely 


ment 
treating man) 


now known 


Studies of such wastes must therefore 
be made and methods of treatment in 
vestigated. Studies of laboratory pro 


lures for their adaptation to the 


Xamination of wastes containing mis 
une is constituents is a major 
problem in the Sanitary and Analyti 


Laboratory of the Divi 


sion Ihe pl cedures to be used for 
determinit mpliance with the stand 
ards for t} various classes of water 


work, 


and equipment were 


field, 


must be defined. Many of the technics 


must be varied for each waste because 
of the 


stances, 


presence of interfering sub 
Thus, a method may be stand 


ard for only one particular waste 


Mobile Laboratory Unit 
Most of 
rr determining the sanitary quality of 
the field 


IS col 


the routine laboratory tests 


streams must be performed in 
after the 


le ected. ause of 


immediately sampl 


changes by biologie 
and chemical action. Similarly, some 
and wastes must 


of collection To 


of the tests of sewage 
be made at the time 
provide facilities for this, a laboratory 
that ean be moved to all parts of the 
Ilence, a mobile 
from the 


Environ- 


State is required 


laboratory Was borrowed 


Publie Health 
Health Center at 


Service 


mental Cincinnati, 
Ohio, and equipped for stream pollu- 
tion investigations 

A Willy 


wagon with 


s-Overland jeep station 
t-wheel and over- 


zed tractor-tread tires was purchased 


drive 


for the transportation of equipment 


a 

4 

: 
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FIGURE 2.—Collection of sample in pond from aluminum boat. 


required for chemical tests, flow meas- 
urements, and for the collection of sam- 
ples from the selected points on the 
Figure 1). A wineh 
driven by a power take-off from the 
motor and raises sampling 
equipment from high bridges. 

An 8&-ft. aluminum boat, weighing 
only 65 lb. with outboard motor, was 
provided for sample collection in small 
streams and ponds; it is transported 
on a trailer attached to the jeep (see 
Figure 2). In large rivers and lakes 
a more stable boat is hired, as the 
aluminum boat is not satisfactory in 
rough water. 


watershed (see 


lowers 


The field unit began operation in 
September, 1949, and valuable experi- 
ence and knowledge of the type of 
laboratory most adaptable to the pur- 
was obtained. The use being 
made of this laboratory is not the pur- 
pose for which it was designed, and the 
following comments are not to be taken 
as criticism of the unit; they are re- 
corded only for those who may have a 
similar problem. It is constructed on 


pose 


a house trailer chassis and drawn by a 
1.5-ton truck by a pintle hook attach 
ment. The tow truck is too heavy to 
drive to sampling points not on a paved 
highway and, therefore, cannot be used 
for sample collection. The laboratory 
is moved only three or four times a 
year, so that the truck is not an essen- 
tial investment. In the examinations 
an analytical balance is used, but the 
stationary supports of the unit are not 
sufficient to prevent movement of the 
trailer, and the balance requires re- 
peated releveling. The power require- 
ments necessitate a single-phase 110-y. 
line capable of supplying 65 amp. 
Transformers must be installed by the 
local power authorities to meet these 
requirements, a arranyement 
which is not always convenient. The 
unit is exceedingly hot in the summer 
and the floor is very cold in the late 
fall. Days did occur when a tempera- 
ture of 65° F. was maintained at bench 
top level, but samples froze when 
placed on the floor. ‘Two men work in 
the unit most of the time and ocea- 
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ionally three are present, but the labo 

not for 
1a staff of three, some of the equip 
the 20 


ifficient capacity 


is large enough this 


ineubator 
he 


amples under examination 


ially Is 


for t num 
New Unit in Construction 


these difficul 
n the design of a mobil 


to eorre *f 
for 
Ke 


Envy reo. 


being constructed 
of Laboratories and 
of the 


was again solic 


Division 
are} The advices 
llealth Center 


d and advantage 


nental 
was taken of their 


‘hey had designed a labo 
flat-bottom trailer bye 


tractor 


atory on a 
by a standard 


ee] 2 


moa 


to 
with 
witl 


This desien 


ifications, was adopted 
fifth-wheel hitch 


ary to purchase 


makes 
tractor 
hired in nearly every 
The 


how 


a 
City 
unit is much heavier 


in and steadier 
It 
on the inside 


220 \ 


is 28 ft 
The 

he 


equipment 
id 7 ft. wide 
which 
Both the 


insulation 


supply is 


in 
d conveniently 


floor have 


Unit Personnel 


water pollution studies are made 
the ad direction of 
of the Water 
utilizing the 
De 


other agencies as 


ministrative 
secretary 

Board, 
Board 


suc 


tion 


Control 


member 


rtments and 


available ‘he Secretary deter 


CS whi h streams are to be studied 


are to be mad 


Consists of one senior 


it sanitary engineer 


au of Environmental 
senior and two junio 


from the Division 


s and Research, and tw 
ists from the 
Whil 


under the 


(Conse rva 


nit the fiels 


direct 


super 


senior engi 


neer, althoug 


and for the 


responsibility 
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staff 
division from 
It the 


function of the e wineers to establish 


the 
the 
they are assigned. 


technical work of 
members rest with 
which 


Various 
is 


sampling points, and to make indus 
trial wastes surveys and flow measure 
ments The chemists collect the sam 
labora- 


biologists 


ples and make the necessary 
The 
perform the biologic surveys and tox- 
Although the individ 
uals in the party have different func 


tors determinations. 


icity studies. 
tions, they all work under the supervi- 
of 
common 


sion for a 


the sanitary engineer 
purpose, and cooperation iS 
very close 


Field and Laboratory Determinations 


The mobile laboratory is hauled to a 
central location on the watershed being 
investigated. It is practical to study 
only the area within a 25-mi. radius 
farther 

time 


“us sections aways 
in the 


The 


made on stream samples are as fol- 


require too 


much travel transporta 
tion of samples routine tests 


lows: color, odor turbidity, suspended 
C., pH value, 
carbon dioxide, dissolved oxygen, 5-day 
demand ,O.D), 
alkalinity, most 
number of coliform bacteria, 


matter, temperature 


biochemical oxygen 
nitrates, chlorides, 
probabl 
and the standard plate count. 
eral, the procedures 
Standard Methods’? (3 


In gen- 
deseribed in 
are followed. 
three 
each sampling point are col- 


most studies, two or sam 
lected at weekly or biweekly intervals, 
depending on the area covered. Sam- 
at signifi- 
cant points above and below sources of 
When 
at 
tributary 


pling stations are selected 


pollution studving a main 


stream 
located 


or lake, least « station is 


me 
on just above 


ie confluence. On large streams more 


ian one 


be 


stream 


sampling point at a station 

used to give a cross-section of 
thus 

distribution ot 

th 

», Samples may be taken at various 


Similarly 


and for 
constitu- 
stream is more than 20 ft. 


compensate 


a gridiron 


i. 
i ca 
not 
her 
| 
\n attempt = 
1 i emp 
| 
WAS I ade 
laboratory } 
+} 
! 
| tit stat 
unnes 
nthe Sta é 
han 
r lab 
Powel 
Dtuin 
nth 

| he 
the 
Pollu 
| 
| 
= 
ien the st 
ata 
eld party 
me and one assistal 
from the Bu 
Sanitation. one 
| 
nitary chemists 
. 
tion Departm the 
t 
n of the 
depths. 
in lakes, 
| 
4 


pattern of stations is set up and sam- 
ples at several depths may be required. 

One chemist collects the samples. 
which consist of a portion for dissolved 
oxygen, a duplicate portion for B.O.D., 
and 0.5 gal. for return to the mobile 
laboratory. The sampling equipment 
used prevents aeration of samples for 
dissolved oxygen and biochemical oxy- 
gen demand examinations. At the 
same time, a separate sample for bac- 
teriologic examination is collected in a 
sterile bottle, which is iced and main- 
tained at 40° F. during transportation. 

At the time of collection, observa- 
tions of the appearance of the streams 
are made: color, odor, turbidity, and 
suspended matter are noted as they 
would appear to a layman. <A descrip- 
tive term is used preceded by a num- 
eral indicative of intensity; for ex- 
ample, ‘*3 grayish-green’’ means the 
stream from the bank appeared dis- 
tinctly gravish-green in color, regard- 
less of whether this was due to the 
water, the bottom, or reflection from 
the sky. Notation is also made of the 
type of bottom and any deposits or 
débris. 

The temperature of the water is 
measured to the nearest degree C. 
Colorimetric determination of the pH 
value is made with a comparator kit. 
Carbon dioxide is titrated and the 
fixation of dissolved oxygen is_ per- 
formed using the Alsterberg modifiea- 
tion of the Winkler method, the pro- 
cedure being carried up to the libera- 
tion of iodine. Titration of the iodine 
is generally done after three or four 
samples have been collected, which is 
within a period of 2 hr. In some sam- 
ples, where interfering substances are 
present, different procedures for dis- 
solved oxygen must be used. It is the 
responsibility of the chemist to decide 
when and what procedure shall be 
mploved. 

The collection of samples is started 
at 7 a.m. and all samples are returned 
to the mobile laboratory by 1 P.M. 
Thus, the maximum elapsed time be 
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tween collection and receipt at the 
laboratory is 6 hr. and the majority of 
the samples are received much sooner. 

The half-gallon portion of sample is 
returned to the mobile laboratory for 
routine examination. The color of the 
sample is determined by comparison 
with color standards after clarification 
by sedimentation. This yields a value 
which shows changes that occur in a 
stream caused by its tributaries, dis- 
charge of wastes, or biologic activity. 
The turbidity is measured by compari. 
son with standards in bottles; added 
wastes affect the results, and the ef 
fect of tributary streams, particularly 
in lakes, can often be traced. Odor is 
determined by sniffing the mouth of 
the sample bottle after it has been 
warmed to room temperature. This is 
one of the most sensitive tests that can 
be used, as the nose detects odors 
caused by concentrations of substances 
far below the sensitivity of most ana 
Ivtical procedures. Nitrates are meas- 
ured by the phenoldisulfonic acid 
method and permanent standards pre- 
pared by the Division of Laboratories 
and Research (4). Chlorides are de- 
termined by titration with silver ni- 
trate. The results of these two tests 
are very useful in measuring pollu 
tion; the first gives an estimate of the 
total nitrogenous material added, while 
chlorides are unchanged in a stream 
except by dilution. Alkalinity is meas 
ured by titration with standard acid 
solution. The results disclose the ad- 
dition of alkaline or acid wastes and 
are of particular value in determining 
the toxic elfect of many substances on 
fish. 

Routinely, the duplicate portion for 
the dissolved oxygen test is incubated 
for five days to determine the B.O.D. 
If dilutions must be made, standard 
phosphate buffered dilution water is 
used. The results of this test, together 
with the dissolved oxygen values, dis 
close the concentration of putrefactive 
organic matter and the rate of puri- 
fication in the stream 
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An estimate of the coliform group of 
bacteria is obtained by inoculation of 
three tubes of lactose broth with eacl 
if several decimal dilutions of the sam 
ple. Confirmation of the presence of 
coliform microorganisms is made it 
brilliant-green bile broth. These micro 
organisms are used as indicators of 
sewage pollution and thus of a possible 
menace to health. Agar plates of 
decimal dilution portions of samples 
ure made to determine the plate count 
at 56° after 24-hr. ineubation. This 
examination gives an estimate of the 
total number of microorganisms pres 
ent and 1s markedly affected by the 
wastes added to the water and the bio 
logic activity occurring in the stream 
The purpose of this series of tests is to 
detect and measure the presence of pol 
lution and the changes that occur after 
pollution is added. Not many of the 
tests would detect all types of pollu 
tion and, conversely, very few types of 
pollution would not be detected by 


some of the tests 


Flow Measurements and Wastes 
Samples 


The engineer, before and during the 
laboratory study of the watershed, sur 
veys the sources of pollution reaching 
the streams. Subsequently, a visit is 
made by both the engineer and the 
chemist to the industry or municipal 
ity contributing pollution to arrange 
for the measurement of flow and the 
collection of samples of wastes. Flows 
are generally measured at weirs and 
with a liquid-level recorder. A water 

eter adaptable to various size pipes is 

lable 
method of sampling varies 
in different industries and even 
ferent plants of the same industry 
a continuous flow of wastes oc 
it is the practice to collect por 
ions at hourly intervals for 24 hr. and 
mix them in proportion to the flow at 
the time of collection Sometimes 
sampling is repeated on two or three 


davs. in other industries where bate] 


discharges occur, a few catch samples 
from individual batches is satisfactory. 

The chemist must learn during the 
survey what constituents are present 
in the wastes for which analyses should 
be made. It is also his duty to see that 
the samples are properly collected. At 
the time of each waste sampling an ad 
ditional study of the receiving stream 
is made above and below the discharge 
point to show the effect on the water. 
The routine stream examination is 
changed to include determinations of 
the various substances that may be in 
a particular waste and, thus, their con- 
centration after dilution in the stream. 

Many of these determinations, such 
as the distribution of solids between 
the suspended and the dissolved state, 
evyanide in its various forms, B.O.D., 
and pH value, must be made in the 


mobile laboratory soon after samples 


are collected. Other substances such 
as the metals, grease, phenol, and or- 
ganic nitrogen can be preserved in the 
sample which is shipped to the Albany 
laboratory, where more adequate facili- 
ties are available. It obviously would 
be impossible to equip a mobile labora- 
tory for all the examinations that 
might be required for all industrial 
wastes 

Many determinations in sanitary 
chemistry are not specific for one sub- 
stance and many are not accurate at 
very low concentrations. For these 
reasons, the standards for the various 
classes of waters cannot be specific and 
can only define a polluting substance 
in terms of the determination of that 
substance by a particular laboratory 
method. Each report on a watershed 
survey, therefore, includes a deserip 
tion of the procedures used for the 
laboratory examinations in in- 


vestigation 

Unit Productivity 
During the 1949 studies of the 
Rondout watershed, the laboratory 


unit collected and examined an aver- 
age of six routine stream samples per 


: 

‘ 

| 
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working day. The working day theo- and to the greater ease of sample col- 
retically consists of 744 hr., Monday to lection in the lake 

Friday inclusive, with sampling con- 
tinued regardless of the weather. Ac- 
tually, the chemists work seven days This is a deseription of the pres- 
ent laboratory operation. In general, 
it consists of a central laboratory 
equipped for research and special 
examinations; a mobile laboratory 
equipped for routine field investiga- 
tions; a jeep and a rowboat for sam- 
ple collection and on-the-spot testing. 
Many changes may be made as more 
experience is acquired and more varied 
conditions are met. In any case, the 


Summary 


per week to carry on the bacteriologic 


a and biologie tests, although one or 
two generally can be spared each week- 
end. The collection and examination 
of industrial wastes samples averaged 
a little more than one sample per work- 
ing day, but this varied with the ter- 
rain covered and the distances to sam- 
4 pling stations. In the present study 


| of Chautauqua Lake, an average of results will be of value only if they 
seven samples per working day has yield information that will aid in the 
been examined, the inerease possibly control of pollution of the State's 
; due to the experience gained last vear lakes, streams, and rivers. 
References 
Public Health Law of New York State, }. ‘*Standard Methods for the Examination 
Art. 6, Section 109, Paragraph (4). of Water and Sewage.’’ th Ed. 
(As amended Apr. 20, 1949, being Amer. Pub. Health Assoc, (1946). 
Chap. 666 of the Laws of New York.) 4. Wadsworth, A. B. ‘*Standard Methods 
2. ‘‘Specification for Tractor and 28-ft. of the Division of Laboratories and 
Semi-Trailer Laboratory.’’ Environ Research of the New York State De 
mental. Health Center, U.S.P.HLS., Cin- partment of Health.’? 3rd Ed. pp. 
cinnati, Ohio. Mimeo. 18 pp. (Dee., 578-579. Williams and Wilkins, Bal 
1948), timore, Md. (1947 
CHRISTMAS GIFT SUGGESTION 
Is there a professional friend or associate for whom it is always difficult 
to select a suitable nonpersonal Christmas gift? Here's one suggestion 
that will answer the problem for you—give him a copy of the 20-Year 
Index to Sewage Works Journal. Not only will the volume make an ex- 
cellent present for this Christmas, but also you'll be giving him a gift of 
valuable time saved whenever he needs to look up the answer to a teehni- 
cal sanitation problem. 
The 20-Year Index, at $4.50 per copy, is available from The Garrard 
] Press, Champaign, Ill 
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THE OPERATOR’S CORNER 


Conpuctep By Herpert P. OrRLAND 


The approach of year’s end, which 


means inventory time for so many 
ylants, affords an excellent opportu 


ity for taking stock of the operating 


and maintenance 


supplies and equip 
ment on hand and planning a sensible 


program of building up these inven 


tories to meet foreseeable normal and 


emergency demands. Not all eventu 
for those 


that can, it is inexcusable to be caught 


alities can be foreseen: but 


inprepared because of some minor 


ter looked 


ovel 
he possibil 


tuation 


in advance planning 
ty of the present world 
into another ma 


developing 


t must be faced realistically 
Kael plant staff must decide for itself 


what the impact on its situation may 

probable rovernment 
equipment, supphes, and 
efense requirements, pri 
the light of 


orities, ete its own pe 
s as reasonably pre 


dictable. In this, past experience and 


plant records will play a major role; 
reflection and eood judgment 
| he AS Ih portant To vo ‘*hog 


wild’? in stocking up heavily on every 
t even remotely connected 
ant requirements 1s certainly not the 
swer to the problem 
If stringent governmental controls 
materia ndications are that 
they no doubt w be similar in most 
spects to those in effect during the 
ist wal But sewas and industrial 
waste treatment plants can reasonably 
xpect to enjoy pretty high priority 
ratings il iring needed equipment 
and supp! eS In addition to being 
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utility-type operations, they are di 
reetly and vitally concerned with the 
publie health, even more necessary in 
production effort 


with its attendant reduction in disease 


a stepped-up war 
resistance 

Recent announcement of ** voluntary 
priority controls’’ in the metals indus 
tries seems to be only an interim step 
to allow preparation of full controls, 
not only on materials, but also on man- 
power, wages, prices, and a multitude 
of other 
demand of essential supplies and ser\ 


factors affecting supply and 


ives. 


vital maintenance and 


To build up 


operation inventories in anticipation 
of short supply eventualities is only 
On the other hand, to 


impound too much of one’s working 


good business. 


budget in the 
frozen assets of excess inventory only 


capital or operation 
reduces the plant’s potential for meet 


ing additional demands or changing 
requirements 

Inventory build-up, therefore, should 
be in accordance with a_ sensible, 
planned program based on realistic ap 
praisal of present and future condi- 
tions as they may affect the particular 
plant involved. Such a program can- 
not be evolved by a wave of the hand 
or by snatehing the answer out of thin 
i requires detailed consideration 
each individual item of inventory, 
Time and effort 
but it will be time and ef 


fort well spent 


no matter how small 


‘ . 
“ure involved 


d 

be 

; 
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OPERATING A DILAPIDATED SYSTEM * 
By S. W. Hazure 


Supervising Chemist, Water Purification and Sewage Disposal Plants, Houma, La, 


In the operation of a dilapidated 
sewerage system and treatment plant 
it is important to do all possible to 
operate so that the plant will not be a 
menace to health or a nuisance to the 
surrounding section. dilapidated 
plant may be termed one that has been 
allowed to operate with very little at- 
tention, and one that has never given 
good results on the work it was de 
signed for. Also, of course, it cannot 
be expected to do good work when 
heavily overloaded. 

In the Houma sewerage system there 
are seven pumping stations in different 
sections of the town. Each delivers di- 
rectly to the same main 21]-in. line, 
which is about 1.5 mi. long. Three of 
the pumps deliver into the head of the 
line; four deliver into the lower sec- 
tion, about 0.5 mi. from the main (No. 
1) pump station. From the point of 
delivery of each pump the flow is en- 
tirely by gravity to the No. 1 station. 
At times this results in a delay of the 
sewage getting to the plant. The No. 
1 station is about 1.5 mi. from the dis- 
posal plant. 

The disposal plant was erected about 
1930. At present it is the same as 
when built, even though the load has 
more than doubled in the past five 
years. For two or three years it was 
viven very little care and attention; 
thus, one might say it is a dilapidated 
system. This paper describes how the 
plant has been operated during the 
past three years in an attempt to over- 
come the several shortcomings. 


Septic Raw Sewage 


Delivery of the raw sewage to the 
treatment plant is delayed by the ar- 


* Reprinted from ‘‘ Proceedings, Twelfth 
Annual Louisiana Short Course for Water 
ind Sewage Plant Superintendents and Op- 
erators, Eng. Exp. Station Bull., 
Series No. 18, p. 53, Louisiana State Uni 


versity (195 


rangement of the pumping plants as 
well as by the conditions of the lines, 
such as leaks, breaks, and sinking. Any 
of these may be the cause of delivering 
septic sewage to the plant, as well as 
cause of loss of sewage. There have 
been cases when the amount pumped 
was much more than that delivered to 
the plant. This same may be the cause 
of an extra amount during rains. 

Delivery of septic sewage was giv 
ing considerable trouble, and a remedy 
was needed. At first a heavy dose of 
H.T.H. was tried; this was not very 
successful and the cost was high. Clo- 
roben was then tried by adding it in 
the manholes just outside each pump 
station. This was very successful and 
is the method used at present. Heavy 
doses were tried, but there was soon 
trouble. Now light doses are added 
two or three times a week during the 
summer and early fall. There is not 
much trouble during the winter. Clo- 
roben is used at all the pump stations 
except No. 1, where H.T.H. is always 
used. 


Plant Problems 


The No. 1 pump station delivers the 
sewage direct to the Imhoff tank. There 
is no grit chamber or provision made 
for sand, gravel, or other heavy solids. 
The result of this was that during the 
time the plant was allowed to operate 
with very little care or attention a 
heavy accumulation of sand, gravel 
and other heavy material packed in 
the sludge compartment of the Imhoff 
tank. This required about two weeks 
to clean out thoroughly, and was the 
only remedy. Then the influent chan- 
nel of the Imhoff tank was boarded up 
to form a small shallow basin that al- 
lowed all heavy solids to settle. This 
operates very successfully, but requires 
frequent cleaning. 

In order to clean the Imhoff tank, 
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TILE DRAINS 


|. IMHOFF TANK 
DOSING CHAMBER 
AIR CHAMBER 
DUNBAR FILTER 


“ ‘ 
CLOROBEN’ FEED 
| TO SLUDGE PIT 
"CLOROBEN” 
FEED | 
i 6 


| 
& 
6 | : 

L 


BYPASS LINE FOR | 
EMERGENCY USE , | 


SEWAGE FROM Nol PUMP 


peclal provision was made to by-pass 
the raw sewage to a large reservoil 
constructed in a wooded section next 
to the plant. The reservoir was made 
by ditching all around the plot and 
ising this dirt as a levee. Also, a cross 
evee was made to direct the flow 
around the entire basin (see Figure 
l At the lower end inside the basin 
another levee was constructed of shell 
and rocks. From inside the latter, the 
effluent pipe of tile was laid. Thus, the 
sewage is well settled and then filtered 
through the shell and rock. It flows 
directly to the Dunbar filter drain, 
thence to the drainage canal. 

\t present the by-pass is used to 
handle excess sewage and excess rain 
water. At the time it is in operation 
a dose of Cloroben IS usec It has been 
surprising that there have never been 


anv odors and very tew flies, even 


when the pit is drying out 


The overloading of the Plant causes 
heavy carry-over of fine seciment To 
he filters, some of which even passes 


hrough the filters However, most of 


OLD ORYING BEDS 


2 
4 
| 5. OLD SLUDGE DIGESTER 
6 
7. BYPASS RESERVOIR 


EFFLUENT 


| | 


HTH FEED 


DRAIN CANAL 


FIGURE 1.—Schematic layout of Houma sewage treatment plant. 


soon clogs the filters and thus re 
duces the capacity The filter beds 
are worked often and an attempt is 
made to have a fresh one for use at 
all times. The sediment that passes 
through the filters has caused consid 
erable trouble in the drainage canal 
It has filled the canal to a depth of 
more than 1 ft. during the past three 
years, and is a soft jelly-like mass. 

Foaming of scum has been very bad 
at times. Especially in the beginning 


warm weather, this takes place 


the Imhoff tank At times the plant 


mostly in the gas vent compartment of 


has had to be taken out of service to 
stop the foaming 

The gas chambers or vents were 
found to be too small and would soon 
fill so that the passage of gas was pre 
vented These were enlarged by add 
ing a compartment on top of the old 
ones. Even these give trouble during 
foaming At such times the cover is 
removed and the foam is beaten down 
as much as possible. Sometimes it has 
been necessary to draw the tanks down 


some and add lime 
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Because of the heavy load the sludge 
does not have time to digest completely. 
The sludge digestion chamber and the 
drying beds are so small in size that 
they are no longer used. Instead, a 
reservoir similar to that of the by-pass 
arrangement was constructed for use 
as a sludge drying bed. The sludge 
flows by gravity through a pipe to this 
bed, which is about 150 ft. from the 
Imhoff tank. During the drawdown 
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the sludge is dosed with Cloroben, 
which is allowed to flow into the line as 
sludge flows to the bed. There have 
been good results from this and very 
few complaints of odors or flies. 

Due to the fact that the plant is con- 
sidered a dilapidated one and its loca- 
tion is out of way, very few chemical 
tests are made. Usually, sight and 
smell are the indicators used in opera- 
tion. 


RECIRCULATION OF FINAL EFFLUENT IN A SMALL 
ACTIVATED SLUDGE PLANT * 


By Lreonarp 


Superintendent of Sewage Treatment, Caro State Hospital, Caro, Mich. 


The Caro State Hospital plant is a 
small one treating only sanitary waste 
from an institution. It is understand- 
able, therefore, that the sewage flow 
during the night and on Sundays 
would be very low, resulting in long 
detention periods (4 to 6 hr. or longer) 
in the primary unit. The waste from 
300 to 400 patients, who are housed on 
the other side of the river, is pumped 
to the plant by float controlled pumps 
drawing from holding tanks, where it 
may remain as long as 4 to 6 hr. dur- 
ing low flow. Mixture of the unfresh 
raw sewage with the already stale con- 
tents of the primary tanks proves that 
two ‘‘poors’’ do not make a ‘*good.’’ 

The results from this condition are 
somewhat alleviated during the colder 
raonths and do not have too much of a 
bearing on plant operation, but when 
the summer months arrive and the 
sewage has a constant temperature 
above 70° F. this long retention pe- 
riod brings about effects that are harm- 
ful to plant operation. Gas forma- 
tion in the primary tank lifts large 
masses of settled raw sludge that must 
be broken up to settle again, or raked 


* Reprinted from Michigan Sewage Works 
Bulletin, 6, 2, 7 (May, 1950). 


into the scum trough. The primary 
effluent is somewhat deteriorated and 
is not exactly zood food for the acti- 
vated sludge. 

The results of this condition show 
up each Monday when the oncoming 
peak flows push the stale primary ef- 
fluent to the aeration tanks, where the 
activated sludge has become lazy be- 
cause of the lack of routine food. The 
peak flows, together with the stale 
primary contents, constitute what may 
be considered a shock load to the see- 
ondary treatment. ‘hese items alone 
may not warrant recirculation, how- 
ever, as the 5-day B.O.D. of the final 
effluent was seldom more than 10 p.p.m. 
and usually around 5 p.p.m. 

The scum trough and effluent weirs 
of the primary tank are covered by 
the scum room, which is part of the 
control building. This provides for 
easy and convenient cleaning during 
stormy and winter weather, but there 
are also disadvantages. The scum 
room has no roof ventilator or stack; 
two windows are the only means of 
ventilation. There were always un- 
pleasant odors in the room, and dur- 
ing low flow in conjunction with hot 
and sultry weather conditions, the 
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odors were very intense, not only in 


the scum room, but also outside 
W used around 
the seum room door, thus odors escap 
part of the 
were held to a 

No doubt the odors were due mostly 
to the formation of hydrogen sulfide 
Light-colored paint 


oom did not hold its color very long 


eather stripping was 


ny to ft 


the main control 


building minimum 


used in the seum 
cornice on the outside of the 
‘ above the scum room windows 
olor soon after the hot summer 
verature began 

All these things led to the purchase 
of a portable pump that could be used 


veneral purpose around the plant 
and to experiment 


with recirculation 


Effluent Recirculated 
(on May 16, 


van recirculating during low flow pe- 
riods Kor 


1949, the operator be 


two nights, chlorinated 


final efluent was pumped at a rate that 


reduced the primary retention period 


to a little 


more than 2 hr. The seum 
room odors were practically eliminated, 
but the a toxic 
sludge This 
later in the summer 


Except for the 


chlorine seemed to have 
effect on the activated 
vas tried again 
vith tl 


tiie Same 


results 


trials just mentioned, wnehlorinated 
final effluent has been used with many 
favorable results 

Various rates of recirculation were 


ried, but the rate giving the primary 


unit a retention of a little more than 
hr. was found to be best The 
eason seems to be that the high 


low during the day does not permit 


main 
rate 
wasting of return sludge without part 
over the 
most of the 


carried primary 


lheretfore, wasting 
done at night when a flow can 
be maintained to allow for proper set 
tling of the waste sludg 


been 


as compared 


The scum room odors have 


practically unnoticeabl 
to when recirculation 


ticed 


was not prac 


The cornice above the windows 
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Nove mber, 1950 


did not discolor until September, when 
recirculation was discontinued for four 
days. Even in this short period the 
cornice started to discolor and plant 
operation in general seemed to be de- 
As a result, recirculation 
resumed and will be 
tinued until the 
falls to 68° F. 


venerating 
was again con- 


temperature 


sewave 


Added Benefits 


If for no other reason than odor con- 
trol, 
the benefits do not stop there 
recirculating, the 


is worthwhile—but 

While 
retention 
period is not only reduced, but fresh 
food that would otherwise become stale 


recirculation 


primary 


is being carried to the activated sludge. 
It stands to reason that diluted fresh 
much better than the 
concentrated food that 1s 
without recirculation. 


food is more 


stale had 

After a period of low flow and re- 
circulation, the contents of the primary 
diluted, practically 
odorless, and in excellent condition to 


tank are fresh, 
absorb the first peak loads of the morn- 
ing, especially Monday morning.  In- 
stead of the oncoming heavy flow push- 
ing stale primary effluent to the aera- 
tion tanks at a high rate, the primary 
effluent 


and 


gradually becomes stronger 


does not in any way resemble a 
shock load 

It has always been the practice to 
return digester supernatant to the 
first aeration unit, but before recircu- 
lation was tried only a portion of it 
could be handled with the mixed liq- 
uor, the remainder going to a lagoon. 
With recirculation, however, all super 
natant, regardless of its quality, can 
be handled by 


with no ill effects being 


the secondary process 
registered in 


the final tanks or the final effluent 


Summary 


The benefits of recirculation in this 
] 


particular case can be summarized as 


follows 


¥ 
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1. Practically no disagreeable odors 
at any time, and no discoloration of 
paint as a result. 

2. Healthier activated sludge, 
result of fresh primary effluent. 
3. Better appearing final 
which produce a_ healthier 


the 


tanks, 
return 
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sludge and a better looking effluent 
4. Secondary process condition such 
that it can handle all digester super- 
natant regardless of its condition. 
5. A happier operator because of 
better operating conditions throughout 
the plant. 


CLEANING DIFFUSER PLATES * 


By J. Samson 


Manager, Bruma Sewage 


This paper concerns a method de- 
veloped in July, 1949, for cleaning the 
sintered alundum diffuser plates at Jo- 
hannesburg’s Bruma activated sludge 
plant. All the methods for which ac- 
counts were available either had been 
tried previously or were rejected as 
being inapplicable. 

At the Bruma plant, the shutdown 
Was necessitated as much by extensive 
failure of the %4-in. galvanized iron 
air leads to the diffusers as by the 
clogging of the plates. All indica- 


tions that the plates were seriously ob- 


structed were present, however, in- 
cluding increased air pressure, very 
poor air distribution with air belching 
in many parts of the channels, and 
but definite deterioration in ef- 


fluent quality. 


slow 


Corrosion of Diffuser Air Leads 


\lthough the condition of the air 
leads was just another example of fer- 
rous metal corrosion at the water-air 
interface, there were a few points of 
Each unit at the 
Bruma plant comprises four channels; 


interest aeration 


\eration Plates 
Netivated 
pre sented at 


* Extracts from ‘* Cleaning 


Diffused Air 


in the 
Sludy 


System oft 
Treatment of Sewage,’’ 
African 
Purification 
South Africa, Apr. 13, 
Public Health, 


meeting of the Sout! Branch, In 


stitute of Sewage Johannes 


burg, 1950, and pub 
lished in 14, 7, 219 


1950). 


(July, 


Treatment Works, Johannesburg, South 


Africa 


one is used for reconditioning return 
sludge and the remaining three for 
aeration of sewage. A ring of grease 
collects around the air leads at the 
water-air line and immediately above 
the average sewage level in the sewage 
aeration channels, but not around the 
leads in the reconditioning channels. 

Corrosion was noticeably more rapid 
and further advanced in the recondi- 
tioning channels than in the aeration 
channels, although over the years cor- 
rosion had advanced to the point where 
replacement of the air leads was war- 
ranted. Many of the air pipes were so 
badly corroded at the water level that 
they broke when being removed. Be 
neath the liquid level the pipes were 
scarcely affected, except in the chan- 
nel where fresh liquid mixed with the 
Here 
the pipes were badly pitted from the 
bottom upwards. 


reconditioned activated sludge. 


As new piping was in searce supply 
and expensive, a coat of bituminous 
paint was put on the lower portion 
replacing them. All 
pipes were jointed by 


before broken 
means of 6-in. 
lengths of 1-in. rubber hose (pipes are 
%4-in. in diameter). Until the num 
ber of pipes corroded through was ex 
cessive, temporary 
effected by 
roded 


repairs had been 
hacksawing out the 
and rejoining the re 
maining pieces with rubber hose and 
clamps. 


cor 


section 
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Condition of Diffuser Plates 


Considerable 


enced in 


trouble was experi 
the plate holder 
had 
grouted into the channels 


plates had 


removing 


frames, as they been cement 
Many years 
previously the been re 
cleaning 
latter, but re 


was found to be a 


moved from the frames for 
without removing the 
placement very 


awkward procedure and resulted in 
breakage of many plates by men stand 
ing on them and dropping tools on 
them. Broken screws were difficult to 
remove and replace. In addition, bal 
ancing of the four plates in each frame 
to give uniform diffusion was not pos 
sible. In the present instance, it was 
found that by 

frame in the hot 


engine 


immersing the entire 
water from the gas 
cooling jackets, serews and 
plates were easily removed without any 
damage 

The pores of the plates were found 
to be clogged with mineral oil from th: 
rust from the 


calcium carbonate 


air comp! essors, some 


piping, and some 


derived from the hardness of the water 


AND INDU 


STRIAL WASTES November, 1950 


Method of Cleaning 
nature of the de- 
few of 


the recognized reagents were tried out 


Before the exact 


posit had been established, a 


Solutions of hot caustic soda ash, as 


well as a mixture of soda ash, soft soap, 
and sodium silicate, were used in an 
oil drum, with the plates suspended 
on hooks from pipes laid across the top 
of the drum. None of the treatments 
were effective in removing the deposits 

Dilute hydrochlorie acid treatment 
of single plates was also ineffective. 
ether 


sive in the lack of 


Petroleum was also unimpres- 
complete removal of 
the deposit, quite apart from the obvi 
ous expense of such a process of solvent 
extraction 

When it was shown that the deposit 
was essentially mineral oil from the 
single-stage reciprocating compressors, 
heating of the plates over a gas flame 


The oil 


was completely removed by distillation 


was cautiously attempted 
and/or combustion, but plates cracked 


rather easily during both the heating 


FIGURE 1.—Hot air oven for cleaning diffuser plates. 
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and cooling, unless both were done 
very gradually. 

It was decided, therefore, to try re- 
moval of the oil deposit by distilla- 
tion rather than burning. After some 
preliminary trials the following ap- 
paratus and procedure were built up 
and to treat all the plates from 


amounting in all to 1,576 


usec 
one unit, 
plates 

A segment was cut out of the side 
of an oil drum, leaving the ends intact ; 
48 plates were suspended in this air 
oven by wire hooks (through the screw 
holes) from pipes laid aeross the di- 
ameter of the drum. This oven was 
mounted on a second oil drum, cut 
away as shown in Figure 1. A sludge 
burner was fitted in the lower 
drum. Uniform heating, as well as 
protection from the wind, was secured 
by placing sheet metal over the open 
top of the oven and as a sereen around 
the windward side of the whole ap- 
paratus. 

The plates do not come into contact 
with the flames. However, they can 


vas 
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be raised to a high temperature and 
cooled in the same apparatus by re- 
ducing and finally shutting off the gas 
flame as gradually as is required. An 
8-hr. working day is required to re- 
move all the oil and allow slow cooling 
overnight. 

The brass screws for securing the 
plates in the frame were cleaned in 
the same operation by placing them on 
a wire While batch of 
plates was heating, a laborer had time 
to wire-brush another batch, which had 
already cooled off. 

This procedure was considered eco- 
nomical, as the cost of the apparatus 
and the gas consumed was negligible. 
Although only 48 plates were treated 
at a time, the work was a part-time job 
for one laborer. 

Before being restored to the 
plates fitted temporarily into 
frames and tested in a shallow bath. 
By visual inspection, approximately 
equal diffusions were achieved by trial 
and error with combinations of plates. 


sereen. one 


use, 


were 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


It’s well to lay out a schedule for the day’s work, but it’s more important to do the work. 


Attention ope raters! 
Journal 


It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa 
tions, Room 325, Illinois Bldg., Champaign, Il. 


Annual Report of the Sewage Disposal Commission of the City of 
New Britain, Conn., for Year Ended March 31, 1950':* 


By Joun R. SZYMANSKI, Superintendent 


The 


heim ) 


treatment 
includes bar screens, triturator, 
settling tank, primary settling 


process Gugyen 


vrit 


‘or last previous extract see Sewage 

Journal, 19, 3, 502 (May, 1947). 
Recipient of FSWA 1950 Hatfield Award 
previous winner) for plants between 10,000 
ind 100,000 population. 


Wor 


tanks, Parshall flume, dosing tank, 
aeration and mixing tanks, and final 
settling tanks with sludge return to 
the aeration tanks. Sludge treatment 
and disposal includes sludge aeration 
and storage tanks, chemical condition- 


ing, vacuum filtration, and incinera 
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tion or lagooning. Designed to handle 


) m.g.d., the plant was placed in op 
eration May 1, 1937 No major 
hanges or additions have been made 
since, although the load for the past 

eral years has been increasing rap 

ly to its present 11.25 m.g.d. volume 
from an estimated equivalent popula 
tion of SO.000 


Repairs and Maintenance 
Repairs and maintenance operations 


vere ac 


ou plished during the vear as 


TABLE I. 


INDUSTRIAI 


WASTES November, 1950 


required or scheduled. Most of the re 
pairs consisted of normal replacement 
of worn-out parts 
blies. After a detailed study, the tri 
turator teeth were tipped with carbo 
loy 


rr small unit assem 


Since then they have been per- 

An extensive 
painting schedule was carried out by 
plant personnel without outside help, 
in accordance with a policy adopted be 
fore the beginning of the year. 


forming satisfactorily. 


Table I is a summary of the 1949-450 
operating data 


Summary of 1949-50 Operating Data, New Britain, Conn. 


\ ‘ Item Average 
Population served, equivalent 80,000 Hours run monthly 342 
Sewage flow (m.g.d.) 11.25 Lb. wet filter cake produced, 

max m.g.d.) 14.9 total for yr 15,631,619 
Dai ! g.d 7.6 Lb. dry solids in cake, total 
Screenings 1 ved (cu, ft. per for yr 4,930,452 
) 1,457 Rate (Ib. per sq. ft. per hr.) 6.01 
Grit removed i !. for vear) ISO Ash produced from sludge burn- 
(irease nmings removed (cu ing, total (cu. ft 35,705 
ft. 1 I 852 Fuel oi! used for heating and 
(nen il d sludge incineration total 
Lh ora vhen (gal ) 59,653 
u | 34,764 Suspended solids (p.p.m.): 
) no 7,731 Raw 200 
Lb. Fer i) per mo. (wher Primary influent 241 
used 26,118 Primary effluent 150 
\ir used (eu. f il. sewage 0.12 Mixed liquor S78 
Per of r 1 shudge 7 Final effluent 12 
lig ted to primar }+Day B.O.D (p.p.m 
t Raw 187 
Vg. per mo 5.17 Primary influent 214 
Pri dy ved " Primary effluent 156 
tering 654,426 Final effluent 52 
Ch ~ lit if otal iron (p.p.m.): 
idy Raw 22 
bet 8,222 Final effluent 
Wet P per m 110.678 I-xpenditures (dollars) 114,677.87 
Vaecu Per m.g. for operating ex 
1) | 17.7 penditures 24.68 
| $3,375.00 interest on bonds and $10,000 payment on bonds 
Nineteenth Annual Report of the Aurora, IIl., Sanitary District Sewage 
Treatment Plant for the Year 1949 ' 
\\ \ Nu 
Phe 4 1949. us a whole, was o1 many former vears lotal flow was 
I ! it Si s mpared witl 9.2 per cent less than for 1948; the 
i t aw Seu B.O.D. and suspended solids contents 


| 21, 1, 149 149 f the raw sewage were, respectively, 
R t FSWA Hatfiel \ on ‘ 
000 17 and 13.7 per cent less than in the 
previous year. The total poundage of 
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primary sludge was consistently 15.3 
per cent lower, which was reflected in 
the 23.7 reduction in gas volume ob 
tained. Oxygen demand removal in 
the effluent discharged to Fox River 
was only 71.5 per cent (compared with 
s2.2 per cent in 1948), due partly to 
the quality of the sewage treated. Of 
the total flow, 24 per cent received only 
primary treatment because of flow lev- 
els in the river or interrupted opera- 
tion of the filters and secondary tanks 
for repairs. 

Plant Costs 

The 1949 operating cost totalled $52.,- 
455.45, or at the rate of $22.64 per 
m.g. ($0.9366 per capita). With ad- 
ministration included, the unit rates 
were $27.61 per m.g. and $1.14 per 
capita. If power had been purchased, 
rather than plant-derived, the operat- 
ing cost would have been inereased by 
$2.46 per m.g. 

Total operating cost was 13.8 per 
cent greater than in 1948, mostly due 
to purchase of new equipment and 
addition of one man for work on 
grounds, sludge beds, and general 
maintenance. 


Engine Performance 

The gas-driven pump engines have 
completed 13 years and 9 months of 
service; the generator engines have 
completed 9 years and 2 months of 
operation. Performances for these pe- 
riods have been 93.1 per cent and 100 
per cent for the respective equipment. 


Improvements and Additions 

Installation of the ‘‘diffusair’’ aera- 
tion process in No. 1 clarifier was com 
pleted during the year and operated 
sufficiently to make all adjustments. 
Normal operation will be inaugurated 
during the summer season of 1950. 

In July, the office was equipped with 
an air conditioning unit. This greatly 
improved working conditions, which 
had been bad due to the office floor be- 
ing immediately above the furnaces in 
the gas room below. Plans also were 
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completed for air conditioning the lab 
oratories following the anticipated 
building changes and additions in 
1950. 

A swamp area on District property 
adjacent to the sludge and grit dis 
posal grounds was eliminated by fill 
ing. This not only adds more storage 
area, but also eliminates a_ definite 
nuisance. 

A sound-proof room was constructed 
in the present garage and around the 
two 250-c.f.m. blowers providing air 
for the new aerators. The garage, 
when converted into a shop as antici 
pated would have been intolerably 
noisy 


Sludge Digestion and Drying 


Digester operation for the year was 
iormal and followed the plan of ap- 
plying all primary sludge to the first 
stage digester and all secondary sludge, 
on alternate days, to the two secondary 
digesters. Of all the gas produced, 


75.8 per cent was generated in the first- 
stave digester. However, this tank has 
not been cleaned for five years, so that 
a complete cleaning is necessary. 

During the year total of 31.25 
sludge beds (174,225 sq. ft.) were 
cleaned of 1,209,850 Ib. of equivalent 
dry solids. The sludge cake averaged 
5.1 in. thick; 2,878 cu. yd. was re 
moved to the storage pile at a cost of 
$1,577.57, or $0.575 per eu. yd. On 
the dry basis, therefore, the actual air- 
dried sludge averaged 440 lb. per en. 
yd., which indicates a removal cost of 
$2.61 per ton. 


Maintenance 


The old Chevrolet l-ton truck was 
replaced with a 14-ton International 
truck. Plant changes included a steel 
plate body bottom and pipe-carrying 
racks on the right fenders. A switch 
control box for the lighting circuits in 
the clarifier house was replaced. The 
old equipment had been completely de- 
stroyed by the dual ravage of moisture 
and hydrogen sulfide. New grate bars 
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were 


erator 


begun 


paint job. The paint used 


TABLE Il. 


AND 


installed in the sereenings incin 


Maintenance peinting of the under 
water steel work of clarifier No. 4 was 
This is a four-coat plastic-type 
is manu 


\verage 
Rainfall (in 34.15 
Tributary population (estimated) 56.000 
Sewage treated (m.g.d.) 
Potal 6.33 
omplete 1S] 
Primary only 1.52 
Screenings (cu. ft. per m.g.) LSS 
Grit (cu, ft. per m.g.) 2.11 
Grease and scum (cu, ft. per m.g.) 0.55 
Suspended solids (p.p.m.) 
Raw 182 
Settled 
Filter effluent 6 
Final 32 
Reduction (%) 824 
Pounds per capita in raw 0.173 
B.O.D (p.p.m 
Raw 112 
Settled 72 
Filter effluent 30 
Final 21 
Reduction (% 
Pounds per capita in raw 0.106 
Oxygen consumed (p.p.m.) 
{aw iS 
Settled 
Filter effluent 20 
Final 27 
Reduction (%%) 13.7 
Nitrogen as free NH, (p.p.m.) 
Raw 
Settled 
Filter effluent 3.2 
Final 3.0 
Nitrogen as total org. N (p.p.m.): 
Raw 10.5 
Settled 17.0 
Filter effluent 7 
Fina aos 
Nitrogen as — final eff. (p.p.m.) 7.0 
Raw slu Kt 
lotal solids 3.9 
Volatile solid a) 
Equiv i! is pumped (ib 
day 212.0 
Final set t sludge 
Total s | 5.4 
Volat s (%) 54.4 
Equiv. tot iry solids pumped 
b. /da 12.0 
Transfer y st stage to 2nd 
af inf 
ligesters 
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Merchants Chemical 
Company and sold under the trade 
names of ‘*Dyna-Clad”’ 
Flex The protective properties of 
this paint will be watched with the 
greatest interest, as 8 X 8-in. test plates 


factured by the 


and ‘‘Dyna 


Summary of 1949 Operation of the Aurora (Ill.) Sanitary 
District Sewage Treatment Plant 


lten Average 
Total solids (%) 2.0 
Volatile solids (%) 52.9 


Equiv. total dry solids pumped 


(ib. /day) 109.0 
Digested sludge 
Total solids (% 10.9 


Volatile solids (%) 14.4 
Supernatant (from 2nd-stage di 
gesters): 
Total solids (%) 
Volatile solids (%) 
Gas production 


Cu. ft./lb. volatile matter added 7.92 
Cu. ft./lb. volatile matter de- 
stroyed 15 30 
Cu. ft./lb. dry solids 5.3 
Cu. ft./m.g. sewage 6,370 
Cu. ft. per capita 0.721 
Gas produce in Ist stage (%) 78.8 
(Cas composition: 
CO, (% Vol.) 31.8 
O» (% Vol.) 0.4 
Hs (% Vol.) 2.6 
CH, (% Vol.) 64.2 
0.9 
H.S (p.p.m.) 125 
B.t.u. (net) 587 
(jas engine earning statement 
Total engine investment ($3) 18,321.50 


Net earnings in 1949 ($) 4,852.73 
Total net earnings 165 months 

(3) 68,189.49 
osts 


Plant operatil g 
Payroll 33,966.31 


Retirement fund 383.05 
Interceptor system 1,077.86 
Truck 1,612.95 
Office 120.608 
Laborator\ 216.13 
New equipment 1,797.58 
Repairs 2,389.71 
Gas engines 949.57 
Miscellaneous 3,612.61 
Total 52,455.45 
Total cost per m.g 22.64 
Total cost per capita 0.04 
Total disbursements (operation 
interest, bonds, etc.) ($ 
Per m.g 19.62 
Per capita 2.05 
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continuously exposed for 21 months in 
the raw sewage channel came through 
this test period in perfect condition. 
The effectiveness of the present experi- 
ment, however, may be marred some- 
what by the fact that previous mainte- 
nance coatings on this steel work con- 
sisted of a bituminous material, which 
could not be completely removed. It 
is suspected that the solvent effects of 
the new paint vehicle on the bitumi- 
nous material beneath may account for 
some difficulties. 

The gas collector dome on digester 
No. 3 finally became so corroded it be- 
came necessary to repair it. This was 
done by encasing the dome with a thin 
reinforced concrete shell, as was done 
satisfactorily many years ago on di- 
gester No. 2. 

The tipping-bucket sludge meter was 
overhauled and fitted with a new shaft. 
Some splash plates were attached to 
the under side of the inspection lids, 
which has helped in keeping operation 
of this equipment much cleaner on the 
outside. 

Drain valves were placed at either 
end of the sludge line flushing system 
to carry these lines over the winter and 
as a protection against freezing. 

During the summer the filter dosing 
chambers were cleaned out, the pipe 
work repaired in two or three places 
where corrosion had done its work, and 
the chambers were repainted with a 
heavy coal tar base paint. As consid- 
erable frost damage had occurred 
around the edges of the large doors 
on top of the dosing chamber covers, 
before cold weather set in the doors 
were insulated with a layer of straw 
held in place by tar paper and weights. 
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United Wallpaper Company Wastes 

The United Wallpaper Company's 
operation was interrupted twice dur- 
ing 1949, once in midsummer for a 
vacation period, and in the fall the 
plant was shut down for the month of 
November. An examination of this 
mill’s waste, as composite weekly sam- 
ples, was made for 43 weeks of the 
year. An analysis of this work indi- 
cates that for the period of test the 
average suspended solids received in 
their chemical precipitation plant was 
7,480 p.p.m. and the suspended solids 
discharged in the effluent to the Dis- 
trict interceptor was 900 p.p.m., a re- 
moval of 87.9 per cent. The average 
flow of waste per week was 0.287 m.g. 
which indicates a waste discharge of 
1.07 tons of clay per week. This was 
a larger load of clay discharge than we 
think desirable. However, the plant 
absorbed it without undue stress. The 
clay incorporated in the primary 
sludge proved to be a definite advan- 
tage in the digesters by lengthening 
the periods between digester discharges 
and because of its ‘‘loading’’ effect. 
Digester discharges were inereased 
from 45 to 50 days in 1946 and 78 days 
in 1947, to 99 days in 1948 and 106 
days in 1949. These longer digester 
‘‘runs’’ between discharges greatly re- 
duced the problem of sludge removal 
from the sand beds. The disadvan- 
tage of this clay addition was that the 
appearance of our effluent to Fox River 
was definitely ‘‘smoky’’ due to finely 
divided clay. We miss the polish and 
sparkle of our former effluent. 

Table II contains a summary of op- 
eration data for 1949. 
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NUCLEAR FISSION OPERATIONS AND THE WASTE 
TREATMENT PLANT OPERATOR 


By Grorce A. RHAME 


Sanitary Engineer, Division of Water Pollution Control, State Board of Health, Columbia, 8. C. 


There have appeared recently in 
Sewage Works Journal two very inter- 
esting articles (1) (2) dealing with the 
problems of the disposal of wastes from 
nuclear fission operations, as well as 
a number of concurrent discussions of 
various phases of the subject in gen 
eral-interest publications (3) (4) (5). 
These combined to cause considerable 
speculation by the writer about the 
specific problems involved, particularly 
as related to the operation of any such 
waste treatment plant. 

Digging around in various publica 
tions, which happened to be at hand, 
together infor- 
mation on radioactivity and nuclear 
fission procedures, which might be of 
interest to waste treatment plant op 
erators. In extremely general, non- 
technical terms, the pertinent points 


brought considerable 


may be described as follows 
Basic Concepts 


Natural, spontaneous nuclear fission 
is the well-known process by which cer 
tain elements emit various particles 
and forms of energy and are converted 
to other elements. Everyone who has 
been exposed to high-school chemistry 
has encountered the chain of reactions 
by which uranium eventually becomes 
The statistical rate 
at which this natural fission oceurs is 
each radioactive element ; 
it has resisted all human efforts 
The duration of 
any radioactive substance is generally 
defined in terms of ‘‘half-life,’” whicl 
is the period of time required for one 

Poof any given mass of material to 
be converted to another elemental form 
by radioactive disintegration (nuclear 
fission Half-lives of various elements 
have been found to vary from billions 


an isot ype of lead 


different for 


to cause it to vary 


of vears to fractions of seconds. 


The principal emissions of radioac 
tive elements are: 


1, Gamma rays—the equivalent of 
exceedingly high-voltage X-rays, hav- 
ing the ability to penetrate consider 
able distances through solid material. 
They cause much damage to living tis- 
sue by ionization of cell contents. (It 
is this effect which is used to treat can 
cer. ) 

2. Beta particles—ordinary elee- 
These particles have very low 
penetrative powers, but are capable of 
causing cell damage when emitted 
within the body because of ionization 

3. Neutrons—comparatively massive 
particles whose speed and penetrative 
ability varies with the source. (A few 
low-speed neutrons are always present 
in the atmosphere.) Those with suffi- 
cient speed to penetrate the body are 
capable of great damage due to ioniza- 
tion and other effects. They can cause 
fission by entering an atomic nucleus. 

4. Alpha particles—helium nuclei 
(helium atoms minus their outer elec- 
trons). These particles have very lit- 
tle penetrating power, but will cause 
serious damage from ionization effects 
when emitted within the body. 


trons. 


A chain reaction is one in which the 
neutron emitted by one atomic fission 
enters the nucleus of another atom, 
causing it to fission in turn, and so on. 
A great quantity of heat is released at 
the same time. This, together with the 
gamma rays and neutrons, accom- 
plishes the effects of the atomie bomb 
The only known natural material capa 
ble of accomplishing a chain reaction 
rapidly enough for military purposes 
is that isotope of uranium having an 
atomie weight of 235, generally known 
as 1235. As it is present to the extent 
of less than 1 per cent in natural ura- 
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nium, which consists largely of U238, 
its separation on a large scale presented 
an industrial chemistry problem of un- 
precedented proportions; especially as 
most of the work had to be done by 
completely automatic machinery, due 
to the dangerous radiations. 

Fortunately, it was found possible 
to set up a chain reaction whose rate 
could be controlled by using the 
‘‘atomic pile,’’ or ‘‘nuclear reactor,”’ 
a large and expensive gadget, the me- 
chanics of which are beyond the scope 
of this paper. ‘The atomic pile was 
originally designed to take advantage 
of the fact that in a controlled reaction 
the neutron resulting from the fission 
of U235 can be made to transmute such 
elements as U238 and thorium to other 
elements capable of taking part in a 
bomb-type fission. The pile also may 
be used to prepare various other radio- 
active isotopes for industrial, medici- 
nal, and other uses and may serve as 
a source of heat for generating elec- 
tricity for public use or for driving 
such things as warships and subma- 
rines. 


Fission Waste Treatment 


The concern of the waste treatment 
plant operator is with the waste prod- 
ucts of pile operation and isotope sep- 
aration, although some idea of the wa- 
ter treatment plant operator’s worries 
about the relation of the atomic bomb 
to public water supplies will be obvi- 
ous. The most voluminous waste arises 
from the necessity of cooling the piles 
lest they melt themselves down. This 
is done quite conventionally with wa- 
ter or air, although the latter is ignored 
herein. 

Cooling water presents the greatest 
source of trouble in the whole situa- 
tion—that of uncontrolled radiation 
from almost any element exposed to 
neutron bombardment for any length 
of time. Most elements have radioac- 
tive isotopes, over 600 being known at 
present. Hydrogen and oxygen are 
practically immune to this effect, but 
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the mineral matters contained in nata- 
ral waters are quite susceptible. These 
isotopes may be removed with consider- 
able success by ordinary water treat- 
ment processes ; however, in time, the 
filter beds would become radioactive to 
a degree dangerous to the operators. 
Furthermore, the presence of even a 
very small amount of radioactive mate- 
rials in potable water would result in 
the build-up of a dangerous concentra- 
tion within the bodies of those using 
it. It must be remembered that very 
small quantities of such materials are 
dangerous within the body. 

Fortunately, lagoons are capable of 
good results if designed to hold the 
water long enough for the more active 
short-lived materials to exhaust them- 
selves. The process is considerably 
aided by the fact that radioactive ma- 
terials tend to concentrate in the nor- 
mal water plankton and algae without 
harming them. Eventually the bottom 
of such a lagoon, and any living crea- 
tures which feed on the plankton and 
algae, become quite ‘‘hot.’’ 

Observation of the concentration of 
radioactive materials in plankton nat- 
urally suggested the possibility of us- 
ing the activated sludge process for 
treatment of these wastes, particularly 
the more concentrated ones. Labora. 
tory-scale pilot plant tests at Los Ala 
mos, N. Mex., showed that results would 
be very good, although it is easy to 
imagine that operation of such a plant 
would be beset with a number of pe- 
euliar problems. 

The treatment process described by 
Ruchhoft (2) presents some unique 
features. It was found that consist- 
ently good results required long aera- 
tion periods. Therefore, the plant was 
operated on a batch basis with 23-hr. 
aeration followed by 1-hr. settling. 
Wastes would be collected in an equal- 
izing tank prior to treatment. Pre- 
sumably wastes would be carefully seg- 
regated and controlled to keep those 
exhibiting high-level radioactivity at 
relatively small volumes. Use of a 
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storage tank would also permit chemi- 
‘al neutralization, when necessary, and 
provide a safeguard against the possi 


bility of aecidental spills of danger 


ously radioactive materials likely to 
get into the waste collection system of 
the atomic plant. As a further pre 
caution the treatment plant would con 
sist of two stages in series, each com 
plete as described above. 

To maintain the sludge in an active 
condition it would be fed as required, 
using either domestic sewage or some 
Investigations are 


nutrient material 


being made into the possibility of us 
ing some cheap foodstuff. All waste 
sludge would be vaeuum filtered and 
disposed of by burial or otherwise 
The process sounds highly expensive, 
but is expected to be more economical 
than methods of waste disposal in use 


ut preset 


Operation of Plant 


From the relatively meager informa 
tion presently available it is possible 
to make some interesting speculations 
about a full-scale treatment plant and 
its operation For instanee, the effi 
ciency of the pilot plant was measured 
in terms of alpha-particle emission 
from the influent and effluent 

This suggests that the most danger 
ous radioactive material in the waste 
being treated is one of the heavy met 
als. Their removal from the waste by 
this type of treatment may possibly 
be due to the same factors causing 
heavy metals in sewage to collect in 
the sludge of an ordinary activated 
sludge plant, except that here their 
physical concentration is too low to 
cause chemical toxic effects. As these 
materials are particularly dangerous 
when taken into the body, due to the 
cumulative effects appearing at very 
low concentrations, all equipment con- 
taining wastes or sludge would have 
to be totally enclosed to eliminate the 
possibility of the operators coming into 
contact with wastes, spray from aera 


tion tanks, or waste sludge. Because 
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of the danger of these heavy metals be- 
ing absorbed through an open cut or 
scratch, all piping, pumps, ete., should 
be arranged for a minimum of me- 
chanical manipulation. It has been 
reported that among Manhattan Proj- 
ect personnel anyone who received a 
cut in the hand while working with 
plutonium was immediately given a 
high amputation.) Furthermore, there 
is always the factor of induced radia- 
tion in the actual plant structures and 
equipment. 

All this suggests the possibility ot 
using the Aero-Accelator or some simi- 
lar equipment; with sufficiently rigor- 
ous controls over waste volumes these 
devices would be quite small and could 
be constructed of some relatively cheap 
material for economical replacement 
and disposal when they became con- 
taminated enough to be a radioactive 
There might even 
be some advantage to adapting the 
‘bio-precipitation”’ 


waste themselves 


process to this 
type of equipment. 

In the matter of ‘‘feeding’’ the ae- 
tivated sludge, it appears that the use 
of foodstuffs rather than sewage would 
be highly desirable because it would be 
possible to accurately control its quan- 
tity and quality. It must be remem- 


bered that the loss of any quantity of 
sludge (due to improper settling), 
which would contain relatively concen 
trated radioactive material, would be 
the equivalent of a sizeable spill of un- 
treated waste to the receiving stream 


and would be considered quite haz 


ardous 
Sludge Handling 

Sludge handling in such a plant 
would be a particularly difficult prob- 
lem, due to its high content of danger 
Ruchhoft states that the 
raw wastes treated in the pilot plant 
had an alpha count of 100,000 per liter, 
and that the plutonium concentration 


ous material 


in the dried sludge was 700 times as 
great as in the untreated waste. (An 
‘alpha count of 100,000 per liter’’ 
means that that number of alpha par- 
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ticles were released each second from 
a liter of waste.) It appears not un- 
‘easonable to expect a count of 400,000 
n the wet sludge. Although the writer 
became lost among the various stand- 
ards for exposure and units of 
radiation, the latter number appears 
to represent a fairly dangerous level 
f activity. Sludge handling equip- 
ment would probably have to be re- 
placed after rather short periods of 
induced radiation. 
Separate sludge concentration would 
be inadvisable, of the extra 
handling required. Vacuum filtration 
eyuipment would have to be operated 
by remote control in a completely 
shielded area. Ultimate sludge dis- 
posal would be by burial in controlled 
areas, or by dilution in concrete blocks 
and dumping at sea. Then again, per- 
haps the entire plant would be shielded 
and operated by remote control. 


safe 


use, because of 


because 
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Lastly, in the matter of the labora- 
tory control of such a treatment plant 
there are some unusual considerations. 
All work involving sludge would have 
to be done with shielded, remote con- 
trol equipment and many of the con- 
ventional tests would be relatively im- 
material—for B.O.D. and 
suspended solids of the effluent would 
the alpha count. 
interesting control prob- 
lems would arise from the necessity 
of regulating, in the effluent, the quan- 
tities of dissolved organie compounds, 
which would contain radioactive forms 
of carbon and nitrogen. Consider, 
however, the joy of working in a lab- 
oratory where routine replacement of 
all glassware and most other equip- 
ment (due to induced radiation) would 
insure a continuous supply of new 


instance, 


be superseded by 


Some very 


equipment in tip-top condition! 
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MAINTENANCE AND INSPECTION OF EQUIPMENT * 
By W. H. H. Putnam 


General Manager, Birmingham Waterworks, Birmingham, Ala, 


The best of plants will not continue 
to give dependable service unless prop- 
and carefully main- 
A major argument for opera 


erly operated 
tained 
tion reliability is that its laek costs 
actual, cold, hard cash. It may 
just as much to replace a bearing be- 


but if a breakdown oc- 


cost 


fore it fails, 

Presented at 1950 Annual Meeting, Ala 
ama Water and Association; Au 
burn, Ala.; June 6—9, 1950 


Sewage 


curs at the wrong time—and it seems 
that most of them do—the cost of mak- 
ing repairs is almost in- 
variably greater than it would have 
been if they had been made in the regu- 
lar course of business and when the 
operator wanted to do the work. 

Maintenance is not repair work after 
a failure; it comprises the preventive 
measures taken to reduce the amount 
of repair work caused by failures, or 
even to eliminate them entirely. 


emergency 
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Importance of Good Inspection 


In this regard, advance notice of 
trouble is provided by inspection, and 
thoughtful inspections by a conscien 
tious and observant person are far 
more valuable than careless routine in 
spections frequently made. The op- 
erator will doubtless make an inspec 
tion of sorts on all pieces of operating 
equipment several times a day. This 
sort of inspection usually includes only 
checking the oil in the bearings, check 
ing bearings or pump glands for heat, 
listening to the sound of the machine, 
ete. Regular and more detailed inspec- 
tions should be scheduled and a system 
established that ean be continued in a 
reliable manner 


Records Also Necessary 


Records, whether on paper, cards, or 
pamphlets, are necessary to do a sys 
tematie job of keeping the plant in 
good running order. These records 
should include detailed data on each 
machine and a brief record of repairs 
to each machine 

Under the first heading, a parts list 
and operating and maintenance man- 
ual for every single piece of equipment 
in the plant is of primary importance. 
Sooner or later, some of the parts in 
the various machines will have to be 
replaced. Drawings or descriptions 
given in the parts list and manual will 
make this job easier. It is also infi- 
nitely easier and quicker to get repair 
parts if they can be identified cor- 
rectly by name and part number. It 
has been found to be of tremendous 
help to have a folder or envelope for 
each major unit, so that when an in- 
spection is made or trouble develops, 
that particular folder can be picked 
out to have at hand al! of the parts 
lists and available literature. 

Any manufacturer will be glad to 
send the parts lists and manual for 
any motor, pump, switch, or other ma- 
chine or apparatus upon request. To 
secure this material it is only neces 


sary to request it, giving the type of 
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apparatus and the data on the name 
plate. Data on old equipment is, how- 
ever, sometimes hard to get. 

The second of the tools is a simple 
card or sheet, on which is listed certain 
pertinent data on each machine, and a 
record of all inspections and repairs. 
Many who are familiar in detail with 
day-to-day operation are too prone to 
earry these details around in their 
heads, rather than keeping written ree- 
A simple eard system, kept up 
to date, is worth more than a bale of 
elaborate forms so bunglesome that no 
one will ever try to keep them up after 
the first few weeks. 


ords. 


A card or sheet can be prepared to 
fit the particular plant conditions en- 
countered. Such a ecard can be devel- 
oped to cover each motor, pump, and 
other piece of equipment, and should 
contain all of the name plate data on 
the particular machine or device. The 
back side of the card should be avail- 
able for listing inspections, as well as 
repairs made to each machine. The in- 
spection sheet should also contain a 
complete list of things to be checked 
by the inspector. This serves as a 
check list and helps to keep him from 
overlooking some important point. 


Fits into Work Schedule 


Inasmuch as work done before a 
breakdown can be done at a time of 
one’s own choosing, it is, of course, 
possible to schedule these inspections 
and any preventive maintenance work 
found necessary to fit other work sched- 
ules. Normally, all motors and pump- 
ing equipment should be completely 
dismantled and inspected during ex- 
pected periods of low load. Some types 
of drives. such as gasoline engines and 
diesels, may require more frequent in- 
spections, depending on the length of 
time they are in operation. However, 
it shouldn’t be hard to set up an in- 
spection schedule for each particular 
unit. Helps are available in the form 
of booklets published by the various 
manufacturers. 
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An important thing to remember is 
that nobody is going to keep your 
plant up for you; it’s your responsi- 
bility, and if it breaks down you are 
the one that will have to crawl out in 
the middle of the night to get it run- 
ning again. 


Some Things to Look For 
Motors 


Under the heading of motors, the 
most important points to be considered 
are the bearings, windings, couplings 
or pulleys, and brushes and commuta- 
tors. Bearings, of course, should be 
inspected for wear and the sealing de- 
vice, usually a felt ring, should be 
kept in good order to prevent the leak- 
age of oil. Any leakage of oil or 
grease out the inboard end of the bear- 
ing will affect the condition of the 
windings. 

Motor windings should be kept free 
of dirt and grease and should be 
checked with an insulation testing de- 
vice called a ‘‘megger.’’ This is a 
small high-voltage generating device, 
with a seale graduated in ohms to 
measure the resistance of the insula- 
tion. Insulation of high resistance is, 
of course, good; and insulation having 
a low resistance is, of course, apt to 
fail. 

Couplings should be tight on the 
shaft; the rubber bushings and the 
coupling bolts should be free from 
wear. Brushes should be of proper 
grade and should have the proper 
amount of tension on them. Commu- 
tators should be kept smooth and clean 
and when found to be rough, should be 
trued up by machining. 


Controls 


There are so many types of control 
equipment that only general remarks 
can be made regarding switches and 
controls. They should be kept free of 
dirt and foreign matter. Excess heat- 
ing of contacts or coils is a sign of 
trouble, which should be corrected. 
All moving parts, of course, should be 


set to work as freely as possible and 
without binding. If the contacts show 
excessive wear or binding, they should 
be cleaned or replaced. Plain vasoline 
is a good lubricant for contacts having 
sliding action. Proper contact pres- 
sures should be maintained and are- 
ing eliminated. All loose connections, 
wherever found, of course, should be 
tightened up. <A loose connection is 
apt to induce high resistance and heat- 
ing in the connection. In oil switches, 
the proper oil level should be main- 
tained and oil should be changed when 
needed. Because the oil acts as a 
quenching medium, it should be free 
of foreign matter, which will serve as 
a conductor of the current. Any 
piece of control equipment which has 
protective devices, such as under-volt- 
age relays, overload relays, and the 
like, certainly deserves to have these 
devices in satisfactory operating con- 
dition. 

Pumps 


There is not much in a centrifugal 
pump to be kept in good condition, but 
it is important that its condition be 
maintained by periodic inspections. 
Bearings, of course, should be _ in- 
spected and kept in first-class condi- 
tion. Gland sleeves will wear and 
should be replaced or repaired when 
they become worn. Both leakage and 
overheating are indications of trouble 
in the sleeves. Every pump manu- 
facturer has a different type of wear- 
ing ring or labyrinth ring, but after 
long periods of service these rings are 
apt to leak water back from the high- 
pressure side of the pump to the sue- 
tion side, particularly when handling 
liquids containing sand or other grit. 
Some idea as to the condition of these 
rings can be obtained without even 
taking the pump out of service. Any 
pump manufacturer will be glad to 
furnish a shop test curve on the par- 
ticular pump, which will give the de- 
livery at various pumping heads. If 
the pump is not pumping as much wa- 
ter as is indicated by the curve at a 
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particular head (the pump speed being 
correct), there is a strong indication 
that the wearing rings need replacing. 
It may be that the impeller is worn, 
but this can be determined by visual 
inspection 


Bearings 


Another important feature in main- 
taining any type of machinery is the 
lubrication. Ball bearings and roller 
bearings are being used more and more 
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on pumps and motors, as well as other 
types of equipment. These types of 
bearings are usually lubricated by rea- 
sonably heavy grease and if a pressure 
type fitting or cup is provided, many 
operators have a tendency to over- 
lubricate. This has two definite disad- 
vantages. Over-lubrication can cause 
the bearing to run hot; it most cer- 
tainly will result in forcing grease out 
of the bearing, possibly onto the motor 
windings. 


TIPS AND QUIPS 


Smooth Running Motors 


Trouble in getting a new motor in- 
stallation running right can show up 
in a variety of ways, one of which may 
be vibration. If this problem is en- 
countered, an immediate checkup is 
indicated on the various factors that 
are keeping the job from running 
smoothly. The following suggestions 
on what to look for are given by J. H 
Jones, of the Electric Machinery Mfg 
Company, in a recent issue of ‘‘E-M 
Synchronizer’’: 

1. Run the motor disconnected from 
the load and check it as a unit. 

2. Make sure the motor feet are solid 
by loosening the hold down bolts and 
checking for vibration of the motor 
foot relative to the base. Be sure the 
motor feet are properly shimmed be 
fore taking up again on the hold down 
bolts 

3. Check to see that wedges between 
base and foundation did not slip dur 
ing grouting and that all voids beneath 
the base are full of grout 

$4. Check the base itself for true and 
level 

5. Handle shaft and motor carefulls 


to avoid springing the shaft 


heek alignment between motor 


‘iven equipment. Make sure that 
shafts are level and in proper position 


with each other 


7. Check coupling for proper size 
and for operating condition. See that 
the key is about the same length as the 
keyway in the coupling, and not too 
long. 

8. Poor grouting and base installa- 
tion tend to show up more quickly un- 
der coupled operation, particularly if 
high starting torques are required or 
the load is a pulsating one. 

9. Analyze the driven load. Unbal- 
anced operation, worn gears, ete., may 
be the entire cause of the trouble. 

10. Notice whether vibration occurs 
while bringing a synchronous motor 
up to speed (usually mechanical unbal- 
ance or misalignment), or after syn- 
chronizing (may be a partially short- 
cireuited field winding). 


Maintenance Item 


Have trouble getting new tight-fit- 
ting bushings into place without stress 
and strain? The Mareh, 1950, issue of 
The Accident Record, published by 
Western Electric, reveals a simple trick 
to ease the way—chill the bushing with 
dry ice, then slip it into place. 


Metal Crack Inspection 


What is claimed to be a revolution- 
ary non-destructive chemical process of 
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checking metal parts for surface cracks 
and flaws of even the minutest extent 
has been announced by the Dy-Chek 
Company, 1515 East Broadway, Haw- 
thorne, Calif. 

To use the method, the metal sur- 
faces are thoroughly cleaned and dried, 
a special penetrant dye is applied and 
allowed to stand for a few minutes, the 
excess dye is removed, and a ‘‘devel- 
oper’’ is applied. Penetrant remain- 
ing in any erack or discontinuity will 
react with the developer within a mat- 
ter of a minute or so to give vivid vis- 
ual evidence of the location and extent 
of the opening. 


More Credit 


The editorial ‘‘Credit Due—Credit 
Given’’ (Tuts JourNAL, 22, 8, 1069; 
Aug., 1950) has brought to light two 
other instances where pollution abate- 
ment efforts of local authorities have 
received recognition from ‘‘elean 
stream’’ organizations. One, appar- 
ently, even antedates the ‘‘ first’? men- 
tioned in the previous article, as the 
Illinois Division of the Izaak Walton 
League presented its sanitation award 
to the Sanitary District of Chicago on 
October 13, 1949. The citation in this 
ease was for District accomplishment 
in providing complete treatment of up 
to 90 per cent of the sewage in its area. 

Another Illinois Division sanitation 
award was presented on September 15, 
1950, to the Greater Peoria Sanitary 
District for its success in stream pollu- 
tion abatement. 

Congratulations to both the ‘‘old”’ 
and the ‘‘new’’ recipients! 


Sewage Tank Pumping 


During the past year, publications 
of more than one State Health Depart- 
ment have called attention to the 
‘‘racket’’ of pumping units contacting 
cities and individuals to pump out the 
contents of sewage treatment devices 
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at a rate of so much per pound, gallon, 
or ton. Some good examples of what 
ean happen are reported in a recent 
issue of The Clarifier, published by the 
South Dakota Department of Health, 
as follows: 

‘““One such outfit was contacting 
farmers to pump septic tanks at 10¢ 
per pound. The minimum size tank 
approximates 500 gal., or about 4,165 
lb. At 10¢ per pound, it would cost 
a little more than $400 to pump this 
size tank. One rancher recognized 
that this cost was probably excessive, 
and finally negotiated to contract the 
job for $50. 

‘‘Another case called to our atten- 
tion concerns a municipality which was 
approached by a pumping outfit who 
wanted to pump the ‘sludge’ for $15 
a ton, or “4¢ per pound, quite a bit 
cheaper than the above illustration, 
but read below for the total cost. The 
Imhoff tank of this particular city was 
of such a size the pumper indicated the 
cost would not exeeed $500, but the 
city was tendered a bill for $3,500, rep- 
resenting a pumpage of 233 tons of 
‘sludge.’ The total capacity of the 
particular tank was 15,400 eu. ft., or 
approximately 340 tons of liquid.’’ 

Maybe the pumping outfits have dis- 
covered ‘‘recirculation’’! 


Preaeration Data Needed 


Although increasing use of preaera- 
tion or ‘‘air-flocculation’’ in sewage 
and industrial waste treatment plants 
points to the recognition of its benefits, 
there is a dearth of published basic 
data on the capacities and limitations 
of the practice. Nevertheless, it ap- 
pears from general consideration of 
this ‘‘new’’ development (see Sewage 
Works Journal, 21, 4, 748; July, 1949) 
that the process should prove bene- 
ficial to at least some degree in every 
installation. 

This, then, is a plea for superintend- 
ents and operators of plants equipped 
with preaeration facilities to gather as 
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much data as possible, with a view to 
evaluation of the specific benefits that 
result from use of the process. Where 
the plant layouts permit, comparative 
studies would be especially interesting 
and valuable. In addition, an assess- 
ment of the economies of the process is 
urgently needed. 

Here is an opportunity to contribute 
to the advancement of the art, even for 
the smallest of plants. In addition, the 
information secured should be useful 
in appraising your own operation of 
the process, perhaps even indicating 
modifications that would otherwise be 
overlooked However, regardless of 
the outcome of your experiments or 
studies, don’t just file the data away 
Send it along; your ‘‘Corner’’ will 
make the information available to 
others 


Time Saver 


If your time is worth anything, the 
20-Year Index to Sewage Works Jour 
nal will more than pay for itself the 
first time you use it in looking up an 
extensive literature on some problem 
facing you 

Here is the key to the record of the 
period of greatest progress in the field, 
in a form that makes it easy to find 
whatever it is you are looking for. If 
you know who wrote it or where it was 
done, the author or geographical sec- 
tions will locate the article in simple 
fashion; if not, the subject section is so 
set up as to give complete coverage of 
the matter sought. 

The 20-Year Index of the Journal is 
a ‘‘must’’ for every plant, large or 
small, as well as for engineers, public 
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health authorities, industrial wastes 
personnel and libraries. The Index is 
available from The Garrard Press, 
Champaign, IIL, at $4.50 per copy. 


Chemical Brighteners 


The next time the radio blares forth 
a ‘‘jingle’’ commercial about ‘‘ bright 
clothes brighter and white clothes 
whiter,’’ don’t turn it off. Listen, and 
then reflect on what the stuff may do 
to treatment processes. 

Some idea of the effects are con- 
tained in a recent issue of For In- 
stance, published by American Cyana- 
mid Company. The article says, in 
part: 

‘*Tt is known that the brightener ab- 

sorbs the unseen ultraviolet from day- 
light and transforms it into visible 
light. Therefore, clothes washed with 
soap containing the brightener reflect 
more light and so look brighter. 
It seems that quite a few chemicals 
will change ultraviolet into visible 
light but not all of them meet the re- 
quirements for use in soap. <A good 
brightener must be readily dispersible 
in water but must also attach itself to 
the fabrics being washed. . . . Since 
some people use a hypochlorite type of 
bleaching agent in the wash, the bright- 
ener must also have good resistance to 
this chemical.’’ 

Are we now to have ‘‘brightened’’ 
sewage? Let’s hope that as the use 
of these compounds increases they 
will make available enough additional 
‘‘light’’ to lead one out of the dark- 
ness coneerning many process phases. 
At least they should bring out the ‘‘col- 
orful’’ aspects of wastes treatment ! 
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Proceedings of Member Associations 


ARKANSAS WATER AND SEWAGE CONFERENCE 
19th Annual Meeting 
Little Rock, Arkansas, April 17-19, 1950 


A record-breaking registration of 
190 members were welcomed to the 
19th Annual Meeting of the Arkansas 
Water and Sewave Conference at the 
Municipal Auditorium, Little Rock, 
Ark., April 17-19, 1950. The meeting 
was climaxed by the Annual Confer- 
ence Dinner, Tuesday, April 18, at 
which 200 members and guests heard 
an address given by the Honorable 
Sid MeMaths, Governor of Arkansas. 

The sessions during the afternoon of 
April 17 and the morning of April 18 
were devoted to water works papers. 

After the luncheon and _ business 
meeting for the Sewage Works See- 
tion, in which an address was given by 
A. H. Niles, president of the Federa- 
tion of Sewage and Industrial Wastes 
Associations, concurrent sessions were 
devoted to pumping and sewage sub- 
jects. Papers presented at the concur- 
rent sewage session were as follows: 


‘*Sewer Main Construction and Fi- 
nance,’’ by Ben W. Dees, consulting 
engineer, Little Rock. 

**Sewer Line Maintenance Equip- 
ment,’’ by T. W. Clapham, manager, 
Little Rock Sanitary Sewer System. 

**Modern Sewage Disposal Methods, 
and Water Pollution Control Pro- 
gram,’’ by H. R. Conway, sanitary en- 
gineer, Arkansas Water Pollution Con- 
trol Commission, Little Rock. 

At the business meeting, held after 
the Annual Dinner on Tuesday eve- 
ning, the following officers were 
elected for 1950-51: 

Chairman: Elmo A. Lambert, Claren- 
don. 
Vice-Chairman: Ceeil A. Brown, Pine 

Bluff. 

Secretary: Warrison Hale, Fayette- 
ville. 
Harrison Hate, 
Secretary 


NEW YORK SEWAGE AND INDUSTRIAL WASTES ASSOCIATION 
1950 Spring Meeting 


Jamestown, New York, June 12-13, 1950 


The 1950 Spring Meeting of the New 
York Sewage and Industrial Wastes 
Association, held at Jamestown, N. Y.., 
was the first meeting under its new 
title. 

After the technical session, the dele- 
gates inspected the Jamestown sewage 
treatment plant and the mobile lab- 
oratory of the State Health Depart- 
ment. 


Highlights of the Annual Dinner 
were a welcoming address by the Hon- 
orable Samuel A. Stroth, mayor of 
Jamestown, and the presentation of 
awards to members. 

At the technical session, designed to 
include subjects of interest to both 
municipal and industrial representa- 
tives, the following papers were pre- 
sented : 
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‘*Waste Treatment Problems in New 
York State,’’ by R. W. Simpson, sani 
tary engineer, Gilbert Associates, Inc., 
Reading, Pa 

‘Industrial Waste Treatment—Pilot 
Plant Operation,’’ by Newell L. Nuss- 
baumer, consulting engineer, Buffalo, 

“Treatment of Phenolic Plastics 
Manufacturing Wastes,’’ by Norbert 
H. Kirchgessner, chemical engineer, 
Durez Plastics and Chemicals, Ine 
North Tonowanda 

‘*Regulation of Industrial Wastes 
Entering County Sewers,’ 
C. Harding, commissioner of public 
works, County of Westchester. 

‘*(Classification-Standards System for 
Waters of New York State,’’ by A. F 
Dappert, executive secretary, N. Y 
State Water Pollution Control Board 

“Operation of Field Laboratory 
Unit in Water Pollution Surveys,’’ by 


by James 
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W. W. Sanderson, sanitary chemist, 
N. Y. State Department of Health. 

‘‘Sewer Rental Financing in a Small 
Community,’’ by Frank Nollett, supt. 
of utilities, Bath, N. Y. 

‘Sewer Rental Financing in a Large 
Community,’’ by John J. Joyce, ex- 
ecutive secretary, Buffalo Sewer Au- 
thority. 

“The Future of Sewage Treatment 
at Jamestown,’’ by Benjamin Schwartz, 
director of public works, Jamestown 

A panel discussion on ‘‘ Operation 
and Maintenance of Equipment in 
Sewage Treatment Plants, was pre- 
sided over by Uhl T. Mann, superin- 
tendent, Ley Creek sewage treatment 
plant, Syracuse. In order to answer 
practical problems of operation and 
maintenance, equipment manufactur- 
ers were invited to assign experienced 
technicians to the panel. 

RALPH C, SWEENEY, 
Secretary 


ALABAMA WATER AND SEWAGE ASSOCIATION 
Fifth Annual Meeting 


Auburn, Alabama, June 7-10, 1950 


The Alabama Water and Sewage 
Association held its Fifth Annual 
Meeting and Short School at the Ala 
bama Polytechnic Institute, Auburn, 
Ala., June 7--10, 1950. <As initiated at 
the 1949 meeting, afternoon periods 
were divided into concurrent water 
and sewage sessions. A new high in 
attendance was established with 130 
registrations 

After addresses of welcome by R. B 
Draughon, president, Alabama Pol) 
technic Institute, and D. G. Gill, health 
Alabama State Health Depart 
ment, the meeting heard a message on 
Federation affairs by A. H. Niles 
lent Federation of 
Works Associations 

Qn the afternoon of June 7, the 


sewagve session Was devoted to round 


ofti er 


Sewage 


pre Sit 


table discussions under the leadership 
of R Barton, sanitary engineer, 
Jefferson County, Alabama. Panel 
members and their assigned topics 
were : 

“Withdrawing. Drying, and Dis- 
posal of Digested Sludge,’’ by L. L. 
Jordan, chemist-operator, Jefferson 
County, Birmingham. 


~ 


‘*Sereening and Shredding Coarse 
Sewage Solids,’’ by Paul B. Krebs, 
‘consulting engineer, Birmingham. 

‘*Sewer Cleaning and Maintenanee,’ 
by KE. M. Owen, engineer, City of 
Birminghan 

Later, the conference delegates en- 
joyed a fishing trip at the experi- 
mental fish ponds of the Alabama 
Polytechnic Institute, followed by an 
old-fashioned fish fry 
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At the morning session on June & 
papers were presented as follows: 

‘*Selecting and Repairing Water 
Meters,’’ by Charles D. Hart, assistant 
superintendent, Bessemer Waterworks. 

‘*Maintenance and Inspection of 
Mechanical Equipment,’’ by W. H. H. 
Putnam, vice-president and general 
manager, Birmingham Waterworks 
Company. 

“Taste and Odor Problems,’’ by 
Fred W. Thomas, sanitary engineer, 
TVA, Wilson Dam. 

The afternoon session for the sew- 
age section was a period of classroom 
instruction on chemical tests, under 
the direction of M. C. Clear, sanitary 
chemist, Alabama State Health Depart- 
ment, Montgomery. 

Papers presented during the morn- 
ing of June 9 included: 

‘*Publie Relations,’’ by Fred Scott, 
Jr., superintendent of water, Leeds. 

‘*Small Sewage Treatment Plants,’ 
by C. E. Drummond, Jr., engineer, 
Wiedeman and Singleton, Atlanta. 

“Testing Capacity of Wells and 
Selecting Pumps,’’ by Glenn W. Cow- 
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ham, superintendent of water plant, 
Montgomery. 

“Stream Sanrtation 
Alabama,’’ by J. C. Clark, assistant 
sanitary engineer, Alabama _ State 
Health Department, Montgomery. 

Following luncheon an_ inspection 
trip was made to the Opelika water 
and sewage treatment plants. 

At the Annual Banquet on June 9, 
the principal speaker was Ed Reid, ex. 
ecutive secretary, League of Muniei- 
palities. Professor J. M. Faireloth, 
head, department of Civil Engineer- 
ing, University of Alabama, was master 
of ceremonies. 

The morning of June 10 was ocecu- 
pied by classroom instruction for both 
water and sewage sections. 

Officers elected to 
1950-51 were : 
President: J. A. Staleup, Mobile. 
Vice-President: E. E. Love, Tuscaloosa. 
Treasurer: G. H. Dunstan, University. 
Acting Treasurer: Li. Hubbs. 
Secretary: A. O. Taylor, Auburn. 

Avex O. Tayvor, 
Secretary 


Program in 


serve during 


MEMBER ASSOCIATION MEETINGS 


Association 
Arizona Sewage and Water Works 
Association 
Texas Water and Sewage Works 
Association 
Virginia Industrial Wastes and Sewage 
Works Association 


Arkansas Water and Sewage 
Conference 
Kansas Sewage Works Association 


Montana Sewage Works Association 

California Sewage Works Association 

Michigan Sewage and Industrial 
Wastes Association 


Federation of Sewage and Industrial 
Wastes Associations 


Place 
Pioneer Hotel 
Tueson, Ariz. 

Texas A. & M., 
College Station, Tex. 
Hotel Chamberlin, 
Old Point Comfort, 


Va. 


Hot Springs, Ark. 
Lamer Hotel, 
Hays, Kans. 
Hotel Placer, 
Helena, Mont. 
Hotel Californian, 
Fresno, Calif. 
Hotel Pantlind, 
Grand Rapids, Mich. 
Municipal 
Auditorium, 

St. Paul, Minn. 


Time 
Nov. 30—Dee. 2, 
1950 
Mareh 11-15, 1951 


April 5-6, 1951 


April 
April 


9-11, 1951 
11-13, 1951 
April 19, 1951 
April 25-28, 1951 
June 4-6, 1951 


October 8-11, 
1951 
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Reviews and Abstracts* 


Report of the Massachusetts Department 
of Public Health Relative to an Investi- 
gation and Study of the Causes Creating 
a Nuisance on the Shore and Beaches of 
Marblehead, Salem, Danvers, Beverly 
and Manchester and of Means of Recti- 
fying Such Conditions. Mass. House 
Doe. No. 2,236, 14 pp. (Dee. 1949). 


This report studies an area with a shore 
line of about 44.5 miles, in the vicinity of 
Salem, Danvers, Beverly, and Manchester. 
The various municipalities have a resident 
population of about 100,000, which is in- 
by 12,000 summer residents. 
About 14 m.g.d. of sewage are discharged 
into the waters by Marblehead, Man- 
chester, and the South Essex Sewerage 
District. The latter contributes abou; 
90 per cent of the total. Float tests indi 
cated the movement of sleek areas. Over 


creased 


260 private sewer outlets were noted. 

The beaches were inspected after the 
of the bathing season. 
organic matter was found, including 
The bacterial tests indicated the 
beaches were safe at the time examined 
Further field investigation and enforce- 
ment of the rules and regulations of the 
Department, prohibiting pollution of in- 
land and tidal waters were recommended 

LANGDON PEARSE 


close Decaying 


garbage. 


Report of the Sudbury Valley Commission 
Relative to the Sudbury River and Its 
Environs. Mass. House Doc. No. 2,351, 
142 pp. (Mar. 10, 1950). 

This is the report of four state officials 
on the sanitary conditions in the Sudbury 
River Valley, with a total of 
257,327 acres (402 sq. mi.), containing two 
cities and 34 towns, 


and 


land area 
as well as water areas 
meadows and 


extensive swamps 


* Please send to Federation headquarters 


partments, 
tions are particularly desired. 


all periodicals 
which might be suitable for abstracting in Turis Journal 


Proposals for action reduction of 
floods. ol flow by 
reservoirs, removal of pollution, reduction 


of mosquitoes and 


are 
control low-water 
estoration of recrea- 
The population in the area is 
estimated at 171,594 as of Jan. 1, 1950. 
Within 15 miles of the river is found a 
population of 1,662,755. 

The river is controlled by a number of 


tional use 


dams, as well as by abandoned reservoirs 
formerly used by Boston for a source of 
water. Weed principally duck 
weed and water chestnut, are prevalent 
at low-water flow, stimulated by nitrates 
from sewage filtration plant effluents. At 
low water there is a flow of 1.5 m.g.d., to 
which is added 2.6 m.g.d. of effiuent from 
two sewage works. 


growths, 


The pollution is substantially from the 
sewage treatment works effluents of Fram- 
ingham and Natick, and the industrial 
waste of a carpet mill at Saxonville. 
Marked pollution has occurred in the Sud- 
bury River, killing fish. If both towns 
and the industry discharge to the South 
Metropolitan sewer, the Sudbury River 
will be suitable for recreation, including 
bathing. The Assabet River is more in- 
dustrialized and affects the Concord River. 
Vigorous pollution control is required. 

The river flow is used for generating 
power and for processing purposes, also 
for irrigation of crops. 
fitted fishing. 

Control of the land by zoning is 
now mostly local, but should be extended 
on a broader basis. 


Ponding has bene- 
use 


Fire control to pre- 
vent bog fires in dry seasons is also needed. 
Along with the dominant use for residence, 
provision for recreation is most important, 
to promote | fishing, boating, and 
stimulate wild life. 
Adequate and uniform regulation of the 


hunting, as well as 


bulletins, 


Publ 


special reports, ete., 
cations of public health de- 


stream pollution control agencies, research organizations, and education institu- 
Address such material: Federation of Sewage and Industrial 
Wastes Assns., 325 Ilinois Bldg., Champaign, Ill. 
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water area of the river and its banks is re- 
quired. Farming is the most important 
commercial use. Some humus beds are 
also available. 

The report also contains 20 suppie- 
mental statements—(a) Historical, (b) 
Legislative, (c) Hydraulic Data, (d) Sani- 
tary Conditions of Rivers, (e) River 
Problems, (f) Lemna minor as an Aggres- 
sive Weed, (g) Mosquito Control, ete. 
Under “Sanitary Conditions of Rivers,” 
the water supplies in the area are dis- 
cussed, together with the disposal of sew- 
age on the Sudbury River at six towns and 
one city, all served by separate systems of 
sewers. In three cases, the original inter- 
mittent sand filters have been superseded 
by Imhoff tanks and trickling filters. On 
the Assabet River there are sand filters at 
two towns and two state institutions; one 
town has Imhoff tanks and trickling filters. 
On the Concord River, Concord has an 
intermittent sand filter (efluent B.O.D. 
1 p.p.m.). Industrial wastes entering 
these rivers are generally from wool scour- 
ing and finishing woolen cloth. The con- 
dition of the rivers in wertain localities is 
unsatisfactory in extreme conditions. The 
Sudbury River at times is covered with 
heavy growths of duck weed, which de- 
cays and creates an odor nuisance. The 
water is unsuitable for certain industries 
at such time. The content of B. coli is 
too high for safe bathing. The Assabet 
and Concord Rivers are unsafe for bath- 
ing and the Concord River is unsuitable 
for industry. 

The population equivalent tributary to 
the sewage works on the entire watershed 
is 77,350. The effluent is equivalent to 
6,375 persons. If the Framingham and 
Natick sewage effluents were diverted, the 
effluent equivalent population would be 
reduced to 3,035. 

The conclusion is that a minimum flow 
of 4.1 m.g.d. should be maintained in the 
Sudbury River below Saxonville by utiliz- 
ing available storage, after diversion of the 
Natick and Framingham sewage. 

The prevalence of duck weed in the Sud- 
bury and the Charles Rivers is discussed 
and the conelusion is reached that alkaline 
sewage wastes have an important bearing 
on the weedy behavior of Lemna minor in 
both rivers. 

(Comment by abstractor—This well- 
balanced report, covering an area of 400 
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sq. mi., is worthy of study by those in- 
terested in water pollution control.) 
LANGDON PEARSE 


Ducks and Shellfish Sanitation. By Mi.- 
ton H. anp Cornetius B. 
Ke.ty, Jr. Am. Jour. Pub. Health, 40, 
8, 923 (Aug., 1950). 


In the past 12 years a number of shellfish 
sanitation studies have been made in the 
Peconic River area at the eastern end of 
Long Island, where pollution of human 
origin is insignificant but pollution from 
duck farms is very great. Samples of 
duck farm overflow have had suspended 
solids concentrations from 80 to 1,800 
p-p.m. and B.O.D. values from 60 to 380 
p.p.m. Coliform organisms are present in 
the order of 10,000,000 or more per 100 
ml. During the peak summer season, the 
estimated domestic sewage population 
equivalent of the duck wastes is about 
20,000 persons. 

Bacteriological studies demonstrated 
that pathogenic organisms of the Salmon- 
ella groups (which include paratyphoid 
bacilli) were present in the duck farm 
wastes, in the oyster grounds, and in the 
shellfish. Therefore, agencies charged 
with shellfish sanitation must consider 
areas polluted by duck farms unsatisfac- 
tory for shellfish. 

Abatement of duck farm pollution by 
plain sedimentation and chlorination was 
indicated by field and laboratory experi- 
ments. Detention for 1 hr. produced 50 
to 93 per cent reduction of suspended 
solids. Application of 10 p.p.m. of chlo- 
rine to the settled waste in one experi- 
ment reduced the coliform index from 
46,000,000 to 430 with a residual of 0.7 
p.p.m. of chlorine after 15-min. contact. 

M. R. 


Difficult Waste Disposal Problem Solved. 


By K. M. Brown anv 8. Kurtis. 
Petr. Ref., 29, 111 (Aug. 1950). 


Spent caustic soda solutions are the 
most obnoxious wastes a petroleum refiner 
has to contend with. Almost all contain 
both phenolics and sulfides, making them 
directly toxie to fish, and their oxygen 
demand is very high. 

The use of carbon dioxide from stack 
gases to neutralize spent caustic has not 
generally been practiced by refiners be- 
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cause of compressor corrosion problems 
The g 


when cooled it ¢ 


as cannot be compressed while hot; 
ontains sulfurous acid, 


which is highly corros) 


ve Improved cata- 
lytic cracking, however 
of flue gas at 15 to 20 p.8.1. The gas aver- 
ages 10 to 12 per cent CO,, 5 to 6 per cent 
CO, and 1.5 per cent O 
inerts making up the balance, and has a 
150° to 500° F, at the point 


provides a source 


with nitrogen and 


temperature ol 
ot use. 

Spent caustic liquor is fed from storage 
to the containing 10 
perforated contact pans, and flue gas is 
it the bottom. The flue gas 
leaving the tower passes into a horizontal 


top ol a tower 


introduced 


through a distributor, 
additional contact with the 
After 
1,700 to 2,000 gal.) is 
charged to the plant it is recirculated from 
the bottom to the 


the disengag o 
way ol Lie isengaging 


isengaging drum 
which provide 
liquor from the bottom of the tower 
a batch of caustic 
top of the tower, by 
drum, until 

The gas from 
where hydrogen 
phenols and other 


neutralization is complete 
the drum goes to a firebox, 


sulfide mere iptans 


components are burned. The liquor is 
pumped to storage and discharged to a 
sewel Three to four batches can be 


neutralized per day 

difficulties 
from 
sweetening naphthenic 
which cause severe foaming; Dow-Corning 


Anti-foam A 
tive in 


Several operating were ex- 


perienced Spent caustic Kerosene 


contains acids, 
was very effec 
When 
gasoline cracking 
thout 40 per cent acid oils, the 
phase; 


were 


it oO p.p.m 
controlling this condition 
caustic solutions from 
contained 
ous accumulated as a separate 
diluted 
the flue gas. The gravity 


irge must be kept below about 


when adequately the oils 
stripped out by 
of the ch 


carbonate and bicarbonate crystals 


NDU 


10° to 12° Baumé to avoid formation of 
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Where refiners do not have catalytic 
cracking units, it appears feasible to use 
induced draft fans to force the gas through 
the neutralizer. 


Ricuarp D. Hoak 


Economics of Sewage Disposal in Connec- 
tion with Agricultural Utilization. By 
Jan Wierzpickt. Gaz, Woda i Tech. 
Sanit. (Polish), 24, 193 (May, 1950). 


The author presents some data on sew- 
ige loadings (data for 1905 or earlier): 


Leicester, 25; Wroclaw, 200; Paris, 206; 


Dortmund, 130; and Brunswick, 132 
persons per acre. With the growth of 
cities and the discharge of industrial 


farming as a means of 
unsatisfactory. 
\ historical review of the sewage farms in 
England is given, followed by a discussion 
the dis- 
tribution of sewage on irrigation fields and 
factors affecting their cost of operation. 
the noted distance 
from city to sewage farm, pumping require- 
fields to and 
operating personnel requirements. Wastes 
from small towns are reported to contain 


wastes, sewage 


sewage disposal became 


of the developments leading to 


Some of factors are 


ments, leasing of farmers, 


more fertilizing elements and are more 
suitable than wastes from larger cities, 
which may contain industrial and other 
toxic wastes. Winter, frozen ground, 


swamps, and rainfall all tend to reduce the 
amount of sewage that can be placed on 
the fields. As compared with biological 


sewage treatment processes, which are 
costly, sewage farming requires only 
simple pretreatment. properly op- 


as a result of agri- 
the sewage, the 
increased five-fold and 
Increases in 


erated sewage farms, 
cultural 
vields of 


utilization of 
hay 

sometimes even eight-fold. 

other crops are also reported. 


Conrap P. Srravus 
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4 P.F.T. DIGESTER HEATER ano 
HEAT EXCHANGER UNITS ror 
AKRON, OHIO 


UTILIZING SEWAGE SLUDGE GAS, THEY WILL PROVIDE 
DIGESTER HEATING AS WELL AS BUILDING HEATING. 


(@ VER the World, the 
busy and progressive 
city of Akron, Ohio, is 
known as the Tire Capital. 
Recent additions to its Sew- 
age Treatment Plant include 
eight P.F.T. Digester Heat- 
ers and Heat Exchanger 
units. Four are arranged for 
either gas or oil firing and 
four are equipped for gas 
only. The flexible piping sys- 
tem allows for preheating of 
raw sludge simultaneously 
with the heating, by recir- 
culation, of the contents of 
any one of six digesters. To- 
tal output capacity for di- 
gester heating is 8,000,000 
B.t.u per hr., with maximum 
heating capacity of 12,000,- 
000 B.t.u. per hr. 


OTHER P. F. T. EQUIPMENT INCLUDED IN PLANT ADDITION 


Akron joins a long list of cities that 
have been assured positive, trouble- 
free heating of digester contents. 
P.F.T. Digester Heater and Heat Ex- 
changer units maintain ideal temper- 
atures in the digester assuring peak 
bacterial action. The Akron expan- 
sion program includes six P.F.T. 
Floating Covers to fit 95' 0" diame- 
ter tanks, six P.F.T. Cover Position 
Indicators, six P.F.T. Supernatant Se- 
lectors, and Gauge, Sight Glass and 


4241 RAVENSWOOD AVENUE 


Sampler Units and P.F.T. Gas Safe- 
ty Equipment. 

Additions to the sewage plant were 
designed under the direction of the 
City of Akron, Weldell R. LaDue, 
Chief Engineer and Havens & Emer- 
son, Cleveland, Ohio, Consulting En- 
gineers. The Akron plant also in- 
cludes P.F.T. Equipment in operation 
since 1926 on trickling filters, com- 
prising fourteen 36" Twin Dosing 
Siphons and Nozzles. 


CHICAGO 13, ILLINOIS 


MEW YORK @ LOS ANGELES @ SAN CHAMLOTE. @ COVER @ 
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Lithographed on stone by James E. Alien 


( aast iron pipe is tough, husky, but not 
exactly handsome. What it lacks in eye 
appeal it makes up for in dependable qual- 
ity. Tosee that our product's reputation 
for quality is lived up to—and to strive 
for still higher quality—this Company 
has made substantial investments in 


facilities for quality control and for 


U.S. 


cast iron 


research and development. The recently completed Research 


Laboratory and Developmental Foundry at Burlington is an 


important contribution to a long-range program of process 


and product development. United States Pipe and Foundry 


Company, General Offices: Burlington, N. J. Plants and 


Sales Offices Throughout U. S. A. 
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SEWAGE AND INDUSTRIAL WASTES 


FOR SEWAGE, WASTE AND WATER TREATMENT 
IMPINGEMENT AID 


_DIFFUSAIR 


PRE-AERATION...ACTIVATED SLUDGE...CARBONATION 


The principle involved consists of a water jet, impinging on a hy- 


draulic bowl placed over an air stream. This causes physical contact 
and shearing between the two masses at the bowl periphery. The 
Impingement Aerator DIFFUSAIR produces smaller bubbles than any 
other known form of air come Write for Bulletin 17S31. 


PROVEN BETTER 5 WAYS 


1 Less than 2 Ibs. of Impingement 
Water Pressure Required. 

2 High Oxygen Absorption — Air 
Requirement Reduced. 


3 Oxygenation Rate Adjustable 
Over A Wide Range. 


4 No Pores To Become Clogged. 
5 No Air Filters Required. 


WALKER PROCESS EQUIPMENT INC. 
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AND INDUSTRIAL WASTES 


lower Excavation Costs 


IAL SAVINGS in excavation 


costs are often possible with Transite* 


Sewer Pipe because of its high flow capacity. 
This often permits the use of flatter grades 
and shallower trenches. This is a particularly 
important advantage where the pipe must 
be laid at or below the ground water line or 
where rock excavation is involved. 

As an alternate economy, designers may 
take advantage of Transite’s high flow 
capacity by specifying smaller diameter pipe. 


OTHER TRANSITE ECONOMIES 


I'ransite’s long 13-foot lengths and light 
weight lower handling costs. And because 
there are fewer joints to assemble in the 
finished line, installation is faster, and more 
economical, 


e Johns-Manville 


As a further economy, Transite’s sleeve- 
type joints guard effectively against infiltra- 
tion. This helps reduce the load on the 
treatment plant. Therefore, treatment costs 
are kept to a minimum—plant capacity is 
conserved for the increased loads incident to 
community growth. 


Made of asbestos, cement and silica com- 
bined into a homogeneous material of great 
stability, Transite Sewer pipe is corrosion- 
resistant both inside and outside. And every 
Transite length is factory-tested for strength 
and uniformity. This adds up to low main- 
tenance costs through the years. 


For all the facts, send for brochure 
TR-21A. Johns-Manviile, Box 290, 
New York 16, N. Y. LY] 


*Transite is o Johns-Manville registered trade mork 


TRAVSITE SEWER FHPE 
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SEWAGE AND INDUSTRIAL WASTES 


..»NOW REDESIGNED FOR STILL HIGHER 


If you're pumping solids... not large enough to require regular non-clog slow 
speed sewage pumps... you'll find Economy volute mixed flow pumps the an- 
swer to your problem. Engineered for greater economy in operation, the 
Economy mixed flow volute line, tested and proved in twenty-two years of 
operation, has now been redesigned for still higher efficiency. 

Built to keep pumping longer at lower cost these pumps are equipped with the 
highest duty bearings available, including double row, angular contact thrust 
bearing. Large size pumps also have a self-aligning, spherical roller radial 
bearing. 

Capacities range from 3,000 to 50,000 G.P.M., heads from 10 to 50 ft. For 
complete details, write Dept. AC-11. 


Centrifugal, axial and mixed flow pumps for all epplications. 


Econom 


DIVISION OF HAMILTON- THOMAS CoRP., | HAMILTON, OHIO 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued to page 32) 


ALBRIGHT & FRIEL, INC. 
PRANCIS 8S. FRIEL 
Censalting Engineers 
WATER, SEWAGE AND INDUSTRIAL 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


WASTE PROBLEMS 

AIRFIELDS, REFUSE INCINERATORS Water Works, Water Purification, 

INDUSTRIAL BUILDINGS , Flood Relief, Sewerage, Sewage 

CITY PLANNING VALUATIONS Disposal, Drainage, Appraisals, 
REPORTS LABORATORY Power Generation 


Suite 1509-18 PHILADELPHIA 7 Civic Opera Building Chicago 
121 $. Broad St. 


BAXTER, NELSON & WOODMAN 
Civil and Sanitary Engineers 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineere—Airport Dengn—Sewage Disposal Water Supplies Water Treatment 
Systeme—Water Works and Sewer Systems Sewage Treatment 
and Mape—City Planning whway Dengn—Conatruc- 
thon Sursveye —Pipe Line Surveys Industrial Waste Treatment 
Investigations 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. 0. Box 67 Crystal Lake, Lilinois 


CLINTON L. BOGERT ASSOCIATES 
Ceonsalting Engineers 


Curnton L. Boosrt Ivan L. Bogert 
J. M. M. Greie Ropert A. LINCOLN 
Industrial Waste DonaLp M. Dirmargs ARTHUR P. ACKERMAN 
Industrial Water Water and Sewage Works 
Analysis Refuse Disposal Industrial Wastes 
Investigations Operation Drainage Flood Control 


Gillingham & Worth Sts. Philadelphia 24, Pa. 624 Madison Ave, New York 22, N. Y. 


W. H. & L. D. BETZ 


Consulting Engineers 


BLACK & VEATCH 


Consulting Engineers 
SewaGeE - WaTeR ELectricitry - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


BUCK, SEIFERT AND JOST 


Consulting Engineers 


BOWE, ALBERTSON & ASSOCIATES 


Engineers (FORMERLY NICHOLAS S. HILL ASSOCIATES) 


Sewerage—Sewage Treatment 
Water Supply-- Purification 
Refuse Disposal—Analyses 

Municipal — fidustris! Projecta 

Valuations— Reporte— Designs 


110 William Street New York 7, N. Y. 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 Fast 19th Street New York 3, N. Y. 


Take advantage of the services of these outstanding consultants! : 
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SEWAGE AND INDUSTRIAL WASTES 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reporta, appraisals, rates 


Airports Municipal Engineering Supervision 
584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. Cleveland 14, Ohio 
P.O. Box 7088 1404 EB. 9th St. 


CAMP, DRESSER and McKEE 
Ceonsalting Engineers 


Water Works ne Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBUBG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, 

Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reports, 
Valuations and Rates. 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply ——Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Il. 


OSCAR CORSON 
Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 


Coneulting Engineers and 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Proceares, 
Hydraulic Works, Gas Plants 

Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Rallroads Highways 
Grade Se rations—Bridges—Subwaye 
ocal Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
605 Colorade Bidg. Washington 5 


PAY, THORNDIEE 


NGINEER 
Sanitary Chemists JOHN AYER WittuM L 
Bion A. Bowman Fuank L. Lincotn 
Sewage and Industrial Waste Surveys, Process A. Howaargp J. Wittiams 
Research and Development, Water Analysis, Water Suey and Distribution—Drainage * 
Stream Pollution Investigations, Laboratory Sewerage and Sewage Treatment—Airports ‘ 
Analyses and Reports lavesti ations and Reports Designs te 
45.N.B is Ridgewood, N. J. Supervision of Construction Valuation: , 
Boston New York 


It pays to secure competent and experienced engineering advice! 
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EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—-Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal Pavin 
and Power Developments; Jame an 
Flood Control 


3209 Brews Read Saint Lewis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works—-Sewage 
Industrial Waste & Garbage Disposal 
Roads—Airports-——Bridges & 

Flood Control 
Town Planning Appraisals 
Investigations & Keports 
Harrisburg, Pa. New York, N. Y. 
Scranton, Pa. Pitteburgh, Pa. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washingtes 
Houston READING, PA. Philadeiphia 


IVAN M. GLACE 
Consulting Sanitary Engineer 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 


N. Front & Boas Sts. Harrisburg, Penna. 


WILLIAM A. GOFF, INC. 


General Engineering and Consulting Services 
Water, Sewerage, Refase Incineration 
Industrial Buildings, Power Plante 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad St. Station Bidg., Philadeiphia 3, Pa. 


ONLY $60 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


GREELEY & HANSEN 
Engineers 

Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 8. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 


W. L. Havens C. A. Emerson 

A. A. Burger F.C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Laboratories 


Leader Bldg. Woolworth Bidg. 
Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN 
Consalting Engineers 


Joun L. Joun H. Harpo 
Oscan J. Campta 


Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 


626 Park Square Bullding, Boston, Mass. 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sanitation 
Industrial Wastes 
Design, Construction, Operation and 
Management 
Reports and Valuations 


231+ Girard Trust Co. Bidg., Phila. 2, Pa. 


C.W. Durham H.H.Henningson W. A. Richardson 


HENNINGSON ENGINEERING CO. 


Consulting Engineers since 1917 for more than 
600 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Oil Bidg. Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Leg, Associate 
Consuliants to Municipalities since 1920 
WATER, SEWERAGE PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 


241 Sheridan Road 521 Sexton Building 
Menominee, Michigan Minneapolis 15, Minnesota 


Take advantage of the services 


of 


these outstanding consultants! 


: 

2 

| 

| 

3 

a 


SEWAGE AND INDUSTRIAL WASTES 31 


HORNER & SHIFRIN 
Consulting Engineers 
. W. Hoaxes S. W. Jans 
. C. Liscurr 
Airports — poe Engineering — 
Sewerage and a Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Bullding, St. Louls 3, Missouri 


INDUSTRIAL WASTES TANTS 

(AG 

—INVESTIGATIONS AND 
Offices and Laboratories 


2266 No. Menipian, 8, 
120 Broapwar, New Yona 5, New Yona 


Russell B. Moore - A. F. Neilson - Robert Theroux 
(Memberships in ASCE, AWWA, AIMME, CSSWA, ACS) 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


Supply and Purification, Se peat 
reatment, Garbage and 
and Incineration, 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
rage, Sowege Treatment and 
Industrial Waste Disporal 
Chemical and Biological Laboratory 


604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES, Inc. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
; Laboratory, City Planning. 


1312 Park Bidg. Pittsburgh 22, Pa. 


Wen. Ss. Lozier Co. 


age 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 
Statler Building Sutter St. 
Boston 16 San Francisco 4 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
62 Vanderbilt Ave., New York, N. Y. 


Parsons, Briackerbef, Hall & Macdonald 


Gale Dixon, Associate 


Engineers 
Dams, Water Works, Sewerage 
Airports, Bridges, Tunnels 


Traffic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 


51 BROADWAY, NEW YORK 6, N.Y. 


BOYD E. PHELPS, INC. 


Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


It pays to secure competent and experienced engineering advice! 
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MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 
Macooum Pranis Eanser W. Warrioce 


Rosser W. Sawren G. G. Ja. 
Haren 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appruisals and Rates 


25 W. 43rd St. New York 18, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 


& Reports; Design; Supervision « 
Construction & Operation 


Analytical Laboratories 


1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal aod Industrial Water Purification 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. B. V. Hows 
Appraisals— Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sani and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports. 
426 Cooper Bidg. Denver 2, Colorado 


RUSSELL and AXON 


Consulting Engineers 
Geo. 8. Bussell 
Joe Williamson, Jr. F. EK. Wenger 
Sewernge, Sewage Disposal, Water Sup 
ply, Water Purification, Power Planta, 
Appraisals, Rate Investigations, Reports, 
Plans, Specifications 
40% Olive St. 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fia. 


SMITH and GILLESPIE 
Consulting Engineers 


All types of 
Municipal Public Works & 
Utilities 
Complete Services 


P. ©. Box 1048, Jacksonville, Fia. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


Your firm should be 
listed here 
. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 


Surveys Reports Appraisals 
2009 8. High &t. Colambus 15, Ohio 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage Sewage Disposal Municipal and In 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements 

Investigations, Reports, Designs, Supervision 
Valuations 


8° Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services 


of these outstanding consultants! 
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ITRIFIED CLAY is fired hard . . . it does 

not lose shape and flow capacity. Its rigidity 
keeps it round and smooth under the live or 
dead loads for which it is rated. Even under 
high temperatures, Clay Pipe holds its full 
inside diameter. It won't squash out — can’t be 
cut or chewed by the rotary tools used to remove 
bulky obstructions from the line. In fact, Clay 


NATIONAL CLAY PIPE 


MANUFACTURERS, INC. 
703 Ninth & Hill Bidg., Los Angeles 15, Calif. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 
1105 Huntington Bank Bidg., Columbus 15, O. 
206 Connally Building, Atlanta 3, Georgia 


STANDARD- 
STRENGTH EXTRA-STRENGTH 
CLAY PIPE CLAY PIPE 


PERFORATED 
CLAY PIPE 


Pipe can’t be affected by any of the common 
causes of sewer failure. It doesn’t rust, corrode, 
melt, crumble, or disintegrate. Its permanent, 
trouble-free life doesn't depend upon sulphide 
control devices or the delicate balancing of 
such factors as sewage temperature, velocities 
and age of sewage. It’s the only pipe built to 
withstand any operating conditions. 


SPECIFY 
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SNOW GATES 
for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular openings in sizes up to 
and including 72 inches. 

ALL SNOW GATES and Lifts are “Parker- 


ized”’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 


SEWER AND PIPE CLEANING EQUIPMENT 


Sewer Rods, Wood & Steel Root Cutters, Buckets 
Sewer Machines, Engine Driven & Hand Operated 
Steel Tapes, Flushers, Nozzles & Brushes 


Send for complete catalog re 


W. H. STEWART, INC. 


P.O. Box 767 Syracuse, N. Y. 


‘THE RATHBUN-JONES 


MANUFACTURERS OF 


DIESEL ENGINES, GAS & DUAL FUEL ENGINES 
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SEND FOR MANUAL 149--MODERN 
PROCESSES AND EQUIPMENT FOR 
SEWAGE AND INDUSTRIAL WASTE 
TREATMENT 

BIO-ACTIVATION —exclusive system 
combines best qualities of trickling filter 
and activated Sele. Bulletin 259A. 


MECHANICALLY CLEANED 
SCREENS— with intermittent automatic 
control. Technical Supplement-MS-Com- 
plete Design Data. 


GRIT CHANNELS—exclosive Camp 
Chamber design and Regulator permit 
easy and instant variations in velocity. 
Technical Supplement-CR-Complete De- 
sign Data 


GRIT SETTLERS —with conveyor and 
exclusive Hydrowash unit which removes 
grease and organic matter from grit. 
Bulletin 249 

GREASE FLOTATION UNIT—ic- 
moves grease and oils, oxidizes odors, 
and aerates by exclusive pretreatment 
method. Bulletin 260A. 

SLUDGE COLLECTORS--for rectan- 
gular and circuler tanks . . . flight type 
and helicoid cross conveyors, sludge 
valves. Bulletin 253A. 
AERATORS—-downflow mechanical air 
diffusion type provides thorough and ad- 
ustable oxygenation and circulation of 
es Bulletin 265. 

JET AERATION—exclusive method 
produces an unprecedented rate of 
oxygen absorption. Technical data apail- 
ab 

ROTARY DISTRIBUTORS —reaction 
and positive drive types with exclusive 
trouble-free oil seal. Bulletin 257. 
DOWNFLO FLOCCULATION UNIT 
—for slow mixing and flocculation of 
chemicals in sewage treatment processes. 
Bulletin 266. 


Send for instructrve bulletins listed abeve 


your exact sewage 


COMPLETE LINE... 
Including many Exclusive Developments 


Many years of close collaboration in the engineering of 
municipal and industrial waste treatment plants have en- 
abled us to develop a complete line of installation- 
tested equipment. Our staff of Sanitary Engineers is 
exceptionally well qualified to cooperate with consulting 
and operating engineers in suggesting the process of 
treatment and type of equipment best suited to individual 
needs. 


SEWAGE AND SLUDGE PUMPS Type 5100 Sewage Pump 


American sewage and sludge 
pumps are unusually strong and 
rugged in construction. Gener- 
ous shafe diameter, sturdy bear- 
ings, proper bearing span, finest 
materials, extra metal, careful 
inspection and testing. Send for 
Bulletins. 


Inquiries on new installations or imprevements on 


existing plants will receive prompt attention 


AMERICAN, “WELL WoRKS 


OUP G2ND YEAR umping. bewage Treetment, ond 
AURORA, ILLINOIS RESEARCH: ENGINEERING MANUFACTURING 
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SEWAGE AND INDUSTRIAL WASTES 


If you want... O two corrosion problems are exactly 

Cathodic PROTECTION alike —that’s one reason stereotyped 
not just... ; } solutions won’t work. Cathodic protection, 

Cathodic Protection Equipment ,operly engineered and applied,is eco- 
nomical, effective and practical. E.R.P. 
offers preliminary engineering, design, 
equipment and installation services for an individual solution to each particular 
problem. For data on cathodic protection of structures from pipe lines to ele- 
vated tanks, call on E.R.P. without obligation. 


ELECTRO RUST-PROOFING CORP,.,(N. J.) 


BELLEVILLE 9, NEW JERSEY 
REPRESENTED IN PRINCIPAL CITIES 


ELECTRO RUST-PROOFING 


BACK NUMBERS WANTED 
SEWAGE WORKS JOURNAL 


1928—October 

1932—January, May 

1933—May, July 

1934—January 

1935—May, July 

1938—January, March, May 

1939—January 

1940—January, July, September, 
November 

1941—January, May, July 

1944—January, March, May 

1946—January, March, September 

1947—January, September 


Copies of the above back numbers are badly 
needed. Fifty cents will be paid for each 
copy in good condition. 


FEDERATION OF SEWAGE AND INDUSTRIAL WASTES ASSOCIATIONS 


325 Illinois Bldg. Champaign, III. 
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In Reconditioning Old Filters 


NATIONAL FIREPROOFING CORP., Pittsburgh 12, Pa. 


SEWAGE AND INDUSTRIAL WASTES 37 
AY’S. FIL use vilri, ied clay 
: filter bottom blocks 


Reconditioning old filter at Fort Worth, Texas, 
with new filter floor of Vitrified Clay Bottom Blocks. 


Place: FORT WORTH, TEX. 
Engineers: FREESE & NICHOLS 


In addition to its proposed 8 
new filters of 200’ diameter, 
Fort Worth is completely re- 
conditioning its old filter. Old 
stone has been taken out and 
a floor of Vitrified Clay Filter 
Bottom Blocks \aid. Floors like 
that pictured here give life- 
time, trouble-free service. 
Write for details. 


TRICKLING FILTER FLOOR INSTITUTE 


POMONA TERRA-COTTA CO., Pomona, N. Car. 


@ TEXASVITRIFIED PIPE CO., Mineral Wells, Tex. 
@ =W.S. DICKEY CLAY MFG. CO., Kansas City 6, Mo. 


BOWERSTON SHALE CO., Bowerston, Ohio * AYER-McCAREL-REAGAN CLAY CO., Brasil, Ind. 
THE PROOF 
ETITE FILTER “STERELATOR. EFFICIENCY” 
with successful operating NO 
records, extending back JOB 
as much as 18 years, is Too 
available for impoowing LARGE 
the effluent or increasing 
the capacity of treatment 
plants for sewage and Actual Usere—THE BEST PROOF OF ALL— 
EPENDABLES BATE EFFICIENT. 
trade wastes. Easy to operate at LOW MAINTENANCE COST 
Everson SterElators METER-MIX-FEED 
Chiorine gas accurately for all Water 
a or Sewage Sterilizing demands. 
Furnished for Manual or Automatic operation. 
E SterElators utilise high Vacuum. 
MAGNETITE The Indleating FLOW METERS bows a 10 to | ratio 
FILTER CORPORATION Sig ators 
10 EAST 40TH STREET i ala) pees 
NEW YORK 16, N. Y. EVERSON scott CORPORATION 
e e 207 West Huron Street, Chicago 10, Illinois 
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DIRECTORY OF ENGINEERS, pp. 28-32 
Albright & Priel, Tet 

ivord, Burdick & Howson 
Raker, Tne, 
Restor, Nelon & Weeden 
Betz, Wo Boge 
Rieck & Veately 
Bogert, Clisten 
Rowe, Albertson & 
Camp, Dresser and 
Capitol Engineering Corporation — 
Chester _Enginees, The 


Haydock, Cheries 


& 
Nusshaumer, Clarke & 


Hayden, Herding & Buchan 


Corsom, Oscat Parsons, Brinckerhoff, 


Damon & Postet ; 

De Leow, Cathet & Company 3 
Eckenteldee Associates, Middick, Thonass 
Fay, Spoford & Thetndike 
Pulten, Bdward A, 
Gannett Fleming Inc. Smith and Gillespie 
Gilbert. Associates, fae. Stanley Fojinecring Company 
‘ince, Ivan 3A. Aides E., & 
Goff, Wiliam A. Weston & {eanpaon 

Greeley & Hansen 
Havens and Emetson 
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Chlorination for iewage ills is a surefire treetment) men 


who know best—the sewage plant superintendents—will tell you. 


For example, Mr. Ralph Hoot, Superintendent of Sewage 
ment ot Fort Wayne, recently reported, “***We have been most 


thankful for our automatic chlorine control equipment it hos 


its job well.” 


Such cominents from experienced like Me. these 
ore typical. Chiorination ty Wollace & Tiervian has pioven 


by octual use in thousands of instcillations all over the eauniry. | 
It can help yowr sewage treatment, toe, at en initial 
averages only 1% of total plant investment, This origindl low. | 


cost coupled with the more effective plant operation thet chien 


ination makes possible, results in u byy thet super. 


intendents can’t afferd to overlook, 


Find ovt new about this modern cid te swage 
fically engineered to your individual needs by Wallace 
Tiernan. A call to your nearest Wallace & Tiemas Repro 
ative will bring you full details. 
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